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P aren t sp ec ie s  Average no. per c e l l T otal No. c e l l  w ith  th e  fo llow ing  number
o r  h y b rid s  rod-shaped 
b iv a le n ts
lo o se ly  held  
b iv a le n ts
c e l l
examined 2 4
o f u n iv a le n ts  
6 8-14 16-22 24 t o t a l %
12 . 4 .04 0 .68 488 2 0 0 0 0 0 <c 0.40
13. 3 .71 0 . 3o 524 2 0 0 0 0 0 2 0.38
14. 3 .91 0.63 600 9 0 0 0 0 0 9 1 .50
15 . 3 .79 0 .72 556 10 0 0 0 0 0 10 1 .79
16. 6.27 0 .40 560 5 2 0 0 0 0 7 1 .25
E* Cross between 0 . s a tiv a  and 0 . p e ren n is  v a r . b a r th i i •
17 . 3 .82 1 .39 467 17 1 0 3 0 0 21 4 .49
F . Cross between 0 . s a tiv a  var . formosana and 0 . p e re n n is  v a r .c u b e n s is .
18 . 3 .3 2 0.35 408 2 0 0 0 0 0 2 0.49
G. C rosses between 0 . balunga and 0 . p e re n n is .
19.
20 .





21 . 3 .3 4 0 .31 515 0 1 0 0 0 0 1 0 .19
H
P a re n ta l sp ec ie s  Average no. per c e l l  T o tal
o r hybrids rod-shaped lo o se ly  held  c e l l
  b iv a le n ts  b iv a le n ts  examined
I .  C rosses between 0 . g laberrim a v a r i e t i e s .
22. 1 .60 0.05 388
23. 3 .8 4 0.52 436
J .  Crosses between 0 . s a tiv a  and 0 . g lab errim a .
24. 2.15 2.83 278
25. 1.18 1.71 381
26, 2.61 2.55 419
27. 3 .33 1.78 419
28. 3 .96 1.33 544
29. 3 .59 1.13 419
30. 0.82 1.00 346
K. Cross between 0 . balunga and 0. g lab errim a.
31 . 1 .9 0  1 .52  401
L. C rosses between 0 . g laberrim a and 0 . b r e v i l ig u la ta .
32. 4.78 0 .79  305
No. c e l l  w ith  the  fo llow ing number 
o f u n iv a le n ts
2 4 6 8-14 16-22 24 t o t a l o'/O
0 0 0 0 0 0 0 0.00
7 2 0 0 0 0 9 2.06
57 21 4 40 31 20 173 62.23
36 51 3 8 40 149 287 75.32
95 70 3 9 3 8 188 44.86
128 51 2 1 5 11 198 47.25
114 22 0 6 1 0 143 26.28
94 33 3 0 3 23 156 37.23
35 9 2 2 5 129 182 52.60
83 20 0 0 0 0 103 25.68
8 0 0 0 0 0 8 2 .62
Oxto
P aren ta l sp e c ie s  Average no. per c e l l  T ota l No. c e l l  w ith  th e fo llo w in g  number
or hybrids rod-shaped lo o s e ly  held  c e l l  o f  u n iv a le n ts
b iv a le n t  s b iv a le n t  s______examined 2 A 6 8 -1 4  16-22 24 t o t a l  %
33 . 4.33 0.40 306 5 0 0 0 0 0 5 1.63
M. C rosses between 0 . g lab errim a and 0 . s t a p f i i .
34. 0 .27 0.29 230 0 0 0 0 0 0 0 0 .00
35. 2 .3 4 0 .12 408 0 0 0 0 0 0 0 0 .00
H. C rosses between 0. s a tiv a  and 0 . b r e v i l ig u la ta .
3 6 . 1.49 0.76 467 27 4 0 1 0 0 32 6.85
37. 2.75 2.33 408 65 37 4 12 6 27 151 37.00
38 . 2.03 1 .6 0 435 43 56 0 12 11 119 241 55.40
0 . C rosses between 0 . s a tiv a  and 0 . s t a p f i i .
*39. 4 .38 1 .21 413 106 13 1 1 0 0 121 29.30
40. 3 .02 3 .33 2*08 84 64 6 8 3 1 166 40.68
P . Cross between 0 . s a tiv a  and 0 . o f f i c i n a l i s .
**41. - - 14 c e l l s  were found to  co n ta in  
24, 28, 29, 32 and 69 b od ies  each.
100.00
*  one c e l l  was found to  con ta in  a q uadrivalent (r in g  o f  4) and 10 b iv a le n t s .  
** som atic t i s s u e  showed 2n = 36 chromosomes.
Table II* I r r e g u la r it ie s  a t  anaphase I  and te lop h ase  I  o f m e io s is  and degree o f  f e r t i l i t y  in  
p aren ta l sp ecies  and F  ̂ generation  o f in te r s p e c if ic  hybrids.
Anaphase I___________   Telophase I_____   F e r t i l i t y
P aren ta l sp ec ies T otal c e l l s Abnormal c e l l s T o ta l c e l l s % c e l l s S ta inab le Seed
o r hybrids examined no. % examined abnormal p o llen (^ )
0 . s a tiv a 1134 0 0.0 1304 0 .0 92.6
0 . s a tiv a
v a r . fa tu a - - - - - 78.7 -
0 , s a tiv a
v a r .  formosana - - - - - 85.5 -
0 . balunsa 507 0 0 .0 400 0.0 95.7 -
0 . perennis 
v a r . cubensis - - - - - - -
0 . perenn is 
v a r .  b a r th i i — — — — - — -
0 . g laberrim a 707 0 0 .0 783 G.O 91.3 *■»
0 . b re v i l ig u la ta 211 0 0 .0 400 0 .0 84.0 -
0 . s ta p f i i 188 0 0.0 340 0 .0 83.7 -
0 . o f f i c in a l i s 22 0 0 .0 23 4.3 31.0 -
A. Crosses between 0 . s a tiv a  and O', s a tiv a v a r . fa tu a .
1. 411 0 0 .0 300 0 .0 90.3 83.4
o
 Anaphase I ______________________Telophase I    F e r t i l i t y ______
P a re n ta l species T o ta l c e l l s  Abnormal c e l l s  T o ta l c e l l s  $ c e l l s  S ta in ab le  Seed s e t 
o r  hybrids_________ examined______ no. %______ examined_____ abnormal p o lle n (^ )  ( $ )
2 . 403 0 0 .0  525 0 .0  67.3
3 . 239 0 0.0  252 0.0 79.3
B. Cross between 0 . s a tiv a  and 0 . s a tiv a  v a r. formosana.
4 . 327 0 0 .0  400 0 .0  93.6
C. Crosses between 0. s a tiv a  and 0. balunga.
5 . 474 0 0 .0  425 0 .0  99.9
6. 58 0 0 .0  225 0 .0  78 .4
7 . • 511 0 0 .0  350 0 .0  78.0
8 . 3 67 0 0 .0  300 0.0  96.6
9 . 361 1 0.27 375 0 .0  96.0
D. Crosses between 0. s a tiv a  and 0 . perennis v a r . cubensis .
1 0 . ' 387 1 0 .25 592 0 .0  8 .2
11. 211 1 0 .47 314 0 .0  14.2
12, 398 3 0.75 561 0 .0  11 .4










Anaphase I Telophase I F e r t i l i t y
P a re n ta l sp ec ies  
o r  hybrids
T otal c e l l s  Abnormal c e l l s  
examined no. %
T o ta l c e l l s  
examined
% c e l l s  
abnormal
S ta in ab le
p o llen (^ )
Seed s e t
L%)
14. 340 3 0.88 540 0 .0 12.8 0 .0
15. 194 2 1.03 375 0 .0 16.2 0 .0
16. 242 1 0.41 490 0 .0 12.5 0 .0
E. Cross between 0. s a tiv a  and 0 . p eren n is  v a r . b a r th i i .
17. 317 7 2.21 315 0 .0 70.4 5.1
F. Cross between 0. s a tiv a  v a r . formosana and 0 . perenn is v a r . cubensis.
18. 595 0 0 .0 475 0 .0 20.0 2 .0
G. Crosses between 0. balunga and 0 . perenn is.
19. mm - - - -
20. _ - - - -
H. Cross between 0. p eren n is  v a r . cubensis and 0 . p e re n n is  v a r. b a r t h i i .
21 . 228 11 4.82 466 0 .0 100.0 -
I . C rosses between 0 . glaberrim a v a r i e t i e s .
22. 213 0 0 .0 351 0 .0 93.5 -
23. 228 0 0 .0 326 0 .0 92.3
CNOv
 Anaphase I______________  Telophase I  F e r t i l i t y
P arental sp ec ie s  T ota l c e l l s  Abnormal c e l l s  T ota l c e l l s  % c e l l s  S ta in ab le  Seed se t  
or hybrids__________examined______ no._________ %______ examined_____ abnormal p o llen (^ )_______ (%)
J . C rosses between 0 . sa t iv a  and 0 . glaberrim a.
24. 40 18 45.0 33 0 .0 0 .3 0 .0
25. 87 35 40.2 119 0 .0 0 .2 0.0
26. 310 19 6 .1 402 0 .5 0 ,0 o.o.
27. 87 3 3 .4 233 1.3 5.9 0 .0
28. 148 11, 7 .4 216 0 .0 1 .8 0 .0
29. 143 11 7 .7 230 1.3 3 .6 0 .0
30. 69 10 14.5 273 0 .4 5.9 0 .0
K. Cross between 0,, balunga and 0 . g laberrim a.
31 . 396 2 0.5 350 0 .0 4 .5 0 .0
L. C rosses between 0 . g laberrim a and 0 . b re v il ig u la ta •
32. 67 0 0 .0 197 0 .0 84.0 52.3
33. 146 0 0 .0 234 0 .0 70.2 54.6
M. C rosses between 0 . g laberrim a and 0 . s t a p f i i .
34. 152 0 0 .0 450 0 .0 99.8 -
35. 551 0 0.0 500 0 .0 94.2 83.9
Anaphase I Telophase I F e r t i l i t y
P a re n ta l sp ec ies  
o r h y b rid s
T o ta l c e l l s  
examined
Abnormal c e l l s  
no . %
T o ta l c e l l s  
examined
% c e l l s  
abnormal
S ta in ab le  Seed s e t 
P o llen ($) {%)
N. C rosses between 0 . s a tiv a and 0 . b r e v i l ig u la ta .
36. 154 9 5.8 185 1 .6 0 .4 0 .0
37 . 120 6 5 .0 281 2.1 11.7 0.05
38. 106 11 1 0 .4 356 1 .7 51.9* 0 .0
0 . C rosses between 0 . s a tiv a and 0 . s ta p f i i .
39. 341 8 2.3 398 0 .0 0 .5 0.0
40. 356 5 1 .4 269 0 .7 0 .0 0 .0
P. Cross between 0., s a t iv a  and 0,. o f f i c i n a l i s .
41. 3 3 100.0 - - - -
*  P o llen  g ra in  only  s l ig h t ly  s ta in e d .
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In  ap pearence, th e  p la n ts  resem bled 0 . s a tiv a  v a r .  f a tu a  
more c lo se ly  in  such c h a r a c te r i s t i c s  a s  co lo r o f stigm a, c o lo r  o f  
seed c o a t, awn c o n d itio n , c o lo r  o f le a v e s  and stems and s h a t te r in g  
o f g r a in s .
In  th e  c y to lo g ic a l  s tu d ie s  o f  d ia k in e s is  and MI f o r  th e  th re e  
c ro s s e s ,  approx im ate ly  400 PMCs p e r  c ro ss  were examined. The f r e ­
quency o f rod-shaped b iv a le n ts  p er c e l l  ranged from 3*76 to  4 .50  
and th e  frequency o f lo o se ly  held  b iv a le n ts  v a r ie d  from 0.45 to  1 .2 2  
p er c e l l  among th e  th re e  c ro s s e s .  As shown in  Table I ,  bo th  o f th e se  
c o n d itio n s  in v o lv in g  degree o f c ro ss in g  over i n  th e  chromosomes were 
somewhat more f re q u e n t in  th e  0 . s a t iv a  X 0 . s a tiv a  v a r .  f a tu a  h yb rid s 
than i n  th e  homozygous c u l t iv a te d  v a r i e t i e s  o f 0 . s a t iv a  s tu d ie d .
The percen tage  o f c e l l s  having u n iv a le n ts  a t  d ia k in e s is  and MX 
v a r ie d  from 2.35  to  11 .02  f o r  th e  th re e  c ro s s e s . In  one o f th e  
c ro sse s  (h y b rid  Wo. 3 ) ,  no PMC was found w ith  more th an  two u n i­
v a le n ts .  In  ano ther c ro ss  (hybrid  No. 1 ) ,  PMC w ith  a s  many a s  fo u r 
u n iv a le n ts  were observed . In  a th i r d  c ro s s  (hyb rid  No. 2 ) ,  th e re  
were two PMCs w ith  a s  many a s  8-14 u n iv a le n ts ,  t h i s  i s  th e  same c ro ss  
in  which a v e ry  high p ercen tag e  (11 .02) o f c e l l s  con ta ined  u n iv a le n ts .  
A ll o f  th e  h yb rids showed a co n sid e rab ly  h ig h er frequency  o f c e l l s  
w ith  u n iv a le n ts  than  was found in  th e  0 . s a tiv a  p a ren t v a r i e t i e s ,  in  
which th re e  c e l l s  w ith  two u n iv a le n ts  each were found among 1458 c e l l s  
examined a frequency o f on ly  0 .2  %t
As in d ic a te d  in  Table I I ,  no a b n o rm a litie s  were found in  AI o r  
TI f o r  any of th e  th re e  h y b rid s .
The percen tage  o f p o lle n  s ta in a b le  in  ace to -carm ine  ranged from
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67.3 to  90.3 in  th e  h y b rid s . The p e rcen tag es  o f  f l o r e t s  s e t t in g  
seed fo r  th e s e  h y b rid s  v a r ie d  from 60.$ to  8 6 .9 . The f e r t i l i t y  
r e s u l t s  su g g e s t t h a t  one o f  th e  h y b rid s  (h y b rid  No. 1) was com­
p le te ly  f e r t i l e  w h ile  th e  o th e r  two showed a low degree o f  s t e ­
r i l i t y .
Yao, e t  a l . ( l9 5 8 )  re p o r te d  t h a t  up to  8 % o f MI c e l l s  con­
ta in e d  u n iv a le n ts  in  h y b rid s  between v a r i e t i e s  o f c u l t iv a te d  r ic e ,  
and a ls o  re p o rte d  a  h ig h e r  freq u en cy  o f rod  b iv a le n ts  in  some o f 
th e se  h y b rid s  than  i n  homozygous v a r i e t i e s  s tu d ie d . Thus, a lth o u g h  
th e  h ig h e r  freq u en cy  o f ro d -sh ap ed  and lo o se ly  h e ld  b iv a le n ts  and 
o f  u n iv a le n ts  found i n  th e  h y b rid s  in  th e  p re se n t study  may in d ic a te  
some degree  o f chromosome d i f f e r e n t i a t i o n  between 0 . s a t iv a  v a r .  
f a tu a  and 0 . s a t iv a .  t h i s  d i f f e r e n t i a t i o n  does n o t appear to  be any 
g r e a te r  th a n  th a t  p re s e n t  among v a r i e t i e s  o f  0 . s a t iv a  i t s e l f .  F u r th e r­
more, th e  s l i g h t  deg ree  o f s t e r i l i t y  found i n  two o f th e  th r e e  h y b rid s  
does no t in d ic a te  t h a t  0 . s a t iv a  v a r .  f a tu a  and 0 . s a tiv a  shou ld  be 
p laced  in  s e p a ra te  s p e c ie s .  D egrees o f s t e r i l i t y  exceeding th o se  
found in  h y b rid s  No. 2 and 3 have been found commonly in  c ro sse s  
betw een d i s t a n t ly  r e l a t e d  c u l t iv a te d  v a r i e t i e s  o f 0 . s a t i v a .
On th e  b a s is  o f r e s u l t s  o b ta in ed  from t h i s  ex p erim en t, th e  
a u th o r  concludes t h a t  0 . s a t iv a  v a r .  f a tu a  i s  very  c lo s e ly  r e la te d  
to  0 . s a t iv a  and a g re e s  w ith  th e  p re v io u s  c l a s s i f i c a t i o n  o f  t h i s  
form a s  a b o ta n ic a l  v a r i e ty  o f 0 . s a t i v a . T his co n c lu s io n  i s  based 
on th e  c lo se  m o rp h o lo g ica l s i m i l a r i t i e s  between 0 , s a t iv a  and 0 . 
s a t iv a  v a r .  f a tu a . th e  m oderate ly  h igh  to  com plete f e r t i l i t y  o f 
h y b rid s  betw een th e s e  two form s and th e  f a c t  t h a t  chromosome b e -
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h a v io r  in  m e io s is  was a s  r eg u la r  a s  th a t  rep o rted  in  in t e r v a r ie t a l  
h y b rid s  o f  0 .  s a t iv a . The author f e e l s  th a t th e r e  may have been  
some d i f f e r e n t ia t io n  o f  th e  chromosomes in  th e se  two form s, but 
th a t  t h i s  d i f f e r e n t ia t io n  i s  no g r e a te r  than th a t o ccu rr in g  w ith in  
0 . s a t iv a  betw een such ty p e s  as in d ic a  and jap on ica ,
(B) C ross betw een 0 . s a t iv a  and 0 . s a t iv a  v a r . formosana
One c ro ss  o f  t h i s  ty p e  between th e  c u lt iv a te d  v a r ie t y  Colusa 
o f  0 .  sa t iv a  and 0 . s a t iv a  var. form osana was in c lu d ed  i n  th e  stu d y . 
The w ild  Formosan form w ith  la rg e  a n th ers  and an abundance o f  p o lle n  
was u sed  as th e  m ale p a ren t.
The p e rcen tag e  o f  p o l l in a te d  f l o r e t s  which s e t  seed s  in  making 
t h i s  c ro s s  was 3 2 .7  and th e  F]_ seeds were a l l  w e ll  developed . Thus, 
i t  was th e  a u th o r 1s ex p erien ce  t h a t  t h i s  c ro ss  i s  f u l ly  a s  easy to  
make a s  c ro sse s  between c u l t iv a te d  v a r i e t i e s  o f  0 . s a t i v a .
In  g en era l m orphology, p la n ts  o f  th e  F̂ _ were more s im ila r  to  
v a r . formosana than to  th e  0 . sa t iv a  p a ren t. Anthocyanin developed  
in  le a v e s  and stem s o f  th e  F-̂  in  a manner resem bling v a r . formosana.  
In a d d it io n , th e  dark grey  h u ll  c o lo r  o f  mature s p ik e le t s  and the  
a w n letted  c o n d it io n  o f  th e  s p ik e le t s  shown by th e  F-j_ in d ic a te d  th a t  
th e s e  c h a ra c ter s  o f  the v a r . formosana parent a r e  dominant.
A t o t a l  o f  AOS PMCs w ere examined fo r  th e  c y to lo g ic a l  study o f  
chromosome b eh av ior  in  d ia k in e s is  and MI o f  th e  F]_. The fr e q u e n c ie s  
o f  rod-shaped and lo o s e ly  h e ld  b iv a le n ts  per c e l l  were 3*37 and 0 .5 1 ,  
r e s p e c t iv e ly .  These v a lu e s  are s l i g h t l y  h ig h er  than th o se  found in  
homozygous v a r i e t i e s  o f  0 .  s a t iv a . a s  in d ic a te d  in  Table I ,  bu t were
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no h ig h e r  than  th o se  found in  h y b r id s  of 0 . s a t iv a  w ith  0 .  s a tiv a  
v a r .  f a t u a .
Among th e  hOS c e l l s  in  d ia k in e s is  and MI which w ere s tu d ie d , 
f iv e  c e l l s  were found t o  co n ta in  two u n iv a le n ts  each and  no c e l l s  
w ith  more than  two u n iv a le n ts  w ere observed  i n  t h i s  h y b r id .  T h is 
g iv e s  a  percen tage o f  1 .2  c e l l s  w ith  u n iv a le n ts ,  ag a in  a  s l i g h t l y  
h ig h e r  frequency  th a n  found in  th e  0 . s a t iv a  p a re n t.
As shown in  T ab le  I I ,  no a b n o rm a lit ie s  w ere found a t  AI and 
TI in  t h i s  hybrid .
The percen tage o f  p o lle n  o f th e  w hich was s ta in a b le  in  
a c e to -c a n n in e  was 93• 6 , a value  which in d ic a te s  th a t  th e  hyb rid  
was p ro b ab ly  com plete ly  f e r t i l e .  In  f a c t ,  t h i s  f ig u re  i s  n o t ic e ­
a b ly  h ig h e r  than th e  p ercen tag e  o f  s ta in a b le  p o llen  o b ta in e d  from 
th e  v a r .  formosana p a r e n t  (8 5 .5 ) b u t  i s  a b o u t th e  same a s  found in  
c u l t iv a te d  v a r ie t ie s  o f  0 . s a t i v a . The p e rc e n ta g e  of f l o r e t s  on 
Fx p la n t s  which s e t  seed  was 6 4 .0 . This i s  low  in  view  o f  th e  h ig h  
p e rce n ta g e  o f ap p a ren t normal p o l le n .  However, a s  d e sc rib e d  i n  th e  
p rev io u s  se c tio n , v a r .  form osana showed a somewhat low p e rce n tag e  
o f  seed s e t t in g  a lth o u g h  the  p e rce n tag e  o f s ta in a b le  p o l le n  was 
h ig h . Thus, the  ten d en cy  of th e  h y b rid  to  s e t  fewer seed  than 
expected  from the d a ta  on s ta in a b le  p o lle n  i s  s im ila r  t o  th e  be­
h av io r  o f  v a r . fo rm osana.
On th e  b a s is  o f  th e  r e s u l t s  o b ta in ed  from  t h i s  c r o s s ,  th e  
a u th o r  concludes t h a t  0 . s a tiv a  v a r .  form osana i s  a w ild  form 
very  c lo s e ly  r e la te d  t o  0 . s a t iv a  and should  be co n s id e red  a s  a 
b o ta n ic a l  v a r ie ty  o f  0 .  s a t iv a . As in  th e  p re v io u s  ca se  o f 0 . s a tiv a
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v a r . f a tu a t t h i s  con clu sio n  i s  based on s tro n g  s im i la r i ty  i n  mor­
p h o lo g ic a l c h a ra c te r s ,  h igh  f e r t i l i t y  o f th e  hybrid  and r e g u la r i ty  
o f chromosome b eh av io r in  m e io s is . A lthough i t  has been suggested  
by some w orkers th a t  t h i s  w ild  form found in  Formosa should be c l a s s i ­
f ie d  a s  0 . s a t iv a  v a r . f a t u a . th e  au th o r f e e l s  th a t  i t  does n o t f i t  
t h i s  form because of i t s  semi-procumbent and p e re n n ia l  growth h a b i t .  
For t h i s  re a so n , th e  name 0 . s a t iv a  v a r . form osana i s  adopted p ro ­
v is io n a l ly .
(C) C rosses between 0. s a t iv a  and 0 . b a lu n g a ; -
F ive v a r i e t i e s  o f 0 . s a t iv a  (C aro lin a  Gold, F ortuna, C olusa, 
C a lro se  and Nato) were h y b rid ized  w ith  th e  w ild  p e re n n ia l  sp ec ies  
d e s ig n a te d  0. balunga i n  th ese  s tu d ie s .  The l a t t e r  was used a s  
the  m ale p a ren t fo r  a l l  c ro sse s  o f  t h i s  type  excep t f o r  one c ro ss  
(h y b rid  No. 5) i n  which th e  c u l t iv a te d  v a r ie ty  C aro lin a  Gold was 
employed a s  th e  p o lle n  p a re n t.
The percen tage o f seed s e t from p o l l in a te d  f l o r e t s  ranged 
from 1 .5  to  40 .0  w ith  a mean o f 10 .3  %• A lthough t h i s  mean seed 
s e t  i s  low er th an  th a t  o b ta in ed  in  th e  p rev io u s  two ty p es  o f  c ro sse s  
and t h a t  r e s u l t in g  from c ro sses  betw een c u l t iv a te d  v a r i e t i e s  w ith in  
0 . s a t iv a ,  t h i s  c ro ss  proved r a th e r  easy to  make, th e  read in ess  
be ing  dem onstrated by th e  f a c t  th a t  th e  h ig h e s t seed s e t  fo r  a c ro s s  
was up to  40 % i n  t h i s  study . No in c o m p a tib i l i ty  appeared to  e x i s t  
between th ese  two forms in  t h i s  r e s p e c t .
In  g e n e ra l morphology and growth h a b i t ,  p la n ts  o f  th e  F^ v a r ie d  
from e re c t  to  semi-procumbent in  d i f f e r e n t  c ro s se s  b u t a l l  o f  them
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showed th e  p e r e n n ia l  h a b it  and had a  s trong  tendency  to  ro o t  a t  
th e  low er nodes o f  th e  stem . T i l l e r s  developed c o n tin u o u sly  on 
th e  F}_ p la n t s .  Stems g e n e ra lly  were la rg e  i n  d iam ete r. S l ig h t  
red  pigment developed  in  l e a f  sh ea th  and stem . The l ig u le  i s  lo n g , 
c o lo r le s s  to  p in k , a c u te  and c l e f t  a t  th e  t i p .  The p a n ic le  i s  la x , 
b ran ch es  opening to  an a lm ost 90° an g le  from th e  main a x is  when th e  
g r a in s  approach m a tu r i ty .  The le n g th  o f  th e  s p ik e le t s  v a r ie d  among 
th e  c ro s se s  from  medium to  lo n g . The su rfa c e  o f  lemma and p a le a  i s  
h a iry .  The awns a re  long and re d  in  c o lo r .  The h u l l s  and awns tu rn  
b la c k  when th e  s p ik e le ts  m atu re . G ra ins s h a t t e r  e a s i ly .  The s t e r i l e  
lemmas a re  s h o r t  and la n c e o la te  in  shape. Stigm a i s  p u rp le . A n thers 
a re  y e llo w , lo n g , b u t in te rm e d ia te  between p a re n ts  (n o t q u i te  a s  long 
a s  th o se  o f  th e  0 . balunga p a r e n t ) .  The seed co a t c o lo r  i s  re d .
When compared w ith  b o th  p a re n ts ,  th e  g e n e ra l ap pearence o f  th e  
F i p la n ts  i s  in te rm e d ia te  ex cep t in  such c h a ra c te r s  a s  th e  p e re n n ia l  
h a b i t ,  th e  l a x  p a n ic le  and c o lo r  o f  th e  h u l l s ,  stigm a and seed  co a t, 
which a r e  s im ila r  to  0 . b a lu n g aC Photo. 1 and 2 ) .
In  th e  c y to lo g ic a l  s tu d ie s  o f  d ia k in e s is  and il l  f o r  th e  f iv e  
c ro s s e s ,  300-400 PMCs p e r  c ro s s  were exam ined. The freq u en cy  o f 
ro d -sh ap ed  b iv a le n ts  p e r c e l l  ranged from 2 .0 4  to  3 .3 6  and th e  f r e ­
quency o f  lo o s e ly  h e ld  b iv a le n ts  v a ried  from 0 .5 6  to  1 .7 4  p e r  c e l l  
among th e  f iv e  c ro s s e s . As shown in  T able I ,  th e se  f re q u e n c ie s  a s  
a whole f o r  a l l  c ro sse s  o f  t h i s  type were s l i g h t l y  h ig h e r  th a n  those  
o b ta in e d  in  homozygous v a r i e t i e s  o f  0 . s a t iv a  b u t w ere n o t any h ig h e r  
th a n  th o se  found in  th e  p rev io u s  two ty p e s  o f c ro s s e s .




1 .  Mature p la n t o f  0 .  balunga (0 .  p eren n is  v a r .  balunga), 
Note procumbent growth h a b it .
Si•JKS* -M ‘
O . s o . ^ i V a "1 **
2 . Mature p la n ts  o f  0 . s a t iv a  (C aro lin a  G old ), 0 .  balunga  
9̂.* P erennis v a r . b a lu n ga) and th e  F]_ h y b r id .
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MI v a r ie d  from 0 .0  to  5.13 among th e  f iv e  c ro s s e s .  In  one o f th e  
c ro s s e s  (h y b rid  No. 5 ) ,  no c e l l  w ith  u n iv a le n ts  was observed  in  419 
c e l l s  exam ined. In  two o f  th e  c ro sse s  (h y b rid s  No. 6 & 7 ) ,  no PMC 
was found w ith  more th a n  two u n iv a le n ts .  In  th e  o th e r  two c ro sse s  
(h y b rid s  No. 8 & 9 ) ,  one c e l l  w ith  fo u r  u n iv a le n ts  was found in  each 
c ro s s  in  a d d it io n  to  a somewhat h ig h e r  frequency  o f  c e l l s  w ith  two 
u n iv a le n ts .  E xcept f o r  hyb rid  No. 5, a l l  o f th e  c ro s s e s  showed a 
s l i g h t l y  h ig h e r  p e rc e n ta g e  o f c e l l s  having  u n iv a le n ts  th an  in  homo­
zygous c u l t iv a te d  v a r i e t i e s  o f 0 . s a t i v a . However, a s  a  w hole, th e  
v a lu e s  o b ta in ed  from t h i s  ty p e  o f  c ro s s  were n o t a p p re c ia b ly  h ig h e r  
th an  t h a t  in  th e  c ro s s  between 0 . s a t iv a  and 0 . s a t iv a  v a r .  formosana 
and c e r t a in ly  were somewhat low er than  what was found in  th e  c ro s s e s  
betw een 0 . s a tiv a  and 0 . s a t iv a  v a r .  f a t u a . As in d ic a te d  in  Table I ,  
i n  most o f  th e  c e l l s  examined, excep t th e  few w ith  u n iv a le n ts ,  th e  
chromosome b e h a v io r  was r e g u la r  w ith  th e  fo rm a tio n  o f 12 b iv a le n ts  
(P ho to . 3 & 4)* A photom icrograph showing fo u r  u n iv a le n ts  and 10 
b iv a le n ts  a t  d ia k in e s is  in  one o f  th e  F̂ _ p la n ts  i s  a ls o  p re se n te d  
h e re  (P h o to . 5 ).
No a b n o rm a litie s  were found a t  AI and TI in  fo u r  o f  th e  f iv e  
h y b r id s . In  h y b rid  No. 9 . one c e l l  a t  AI was found to  have two 
la g g in g  chromosomes undergo ing  e q u a tio n a l d iv is io n  w h ile  11 chromo­
somes had a lre a d y  moved to  each p o le . T his g iv e s  a p e rcen tag e  o f 
0 .2 7  abnorm al c e l l  i n  a t o t a l  o f  361 AI PMCs examined f o r  hyb rid  
No. 9 .
The p e rcen tag e  o f  p o lle n  s ta in a b le  i n  ace to -ca rm in e  ranged 
from 78 .0  to  99 .9  f o r  th e  f iv e  c ro s s e s , in d ic a t in g  h igh  to  com plete
P h oto . 3 .  Late d ia k in e s is  in  th e Fj_ p la n t o f  0 .  s a t iv a  (C olusa)
X 0 .  balunga (0 .  perennis v a r . balunga) showing th e  12 
normal b iv a le n t s .
Photo. A* Metaphase I  in  th e  F  ̂ p la n t o f  0 . sa t iv a  (C olusa) X 
0 . balunga (0 . peren n is v a r . balunga) showing the 12 
b iv a le n ts .  S evera l o f th e  b iv a le n ts  are rod-shap ed .
P h o to . 5. L a te  d ia k in e s is  in  th e  F-̂  p la n t  o f  0 . s a tiv a  (N ato) X
0 . balunga (0 .  peren n is  v a r .  b a lu n g a) showing 10 b iv a le n ts  
and 4 u n iv a le n ts .
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f e r t i l i t y  in  th ese  c r o s s e s .  At th e tim e o f  w r itin g  t h i s  d is s e r ta t io n ,  
th e p la n ts  had not reached th e  sta g e  n ecessa ry  fo r  measuring seed  
s e t ,  excep t fo r  one c r o s s  (hybrid No. 5) which was made in  a prev ious  
sea so n . I t  showed an alm ost com plete f e r t i l i t y  o f  9 4 .6  % f l o r e t s  
s e t t in g  seed .
From th e  r e s u l t s  ob ta ined  in  th e  study  o f c ro s s e s  between v a r ie ­
t i e s  o f 0 . s a t iv a  and th e  w ild  ty p e  0 . b a lu n g a . such a s  th e  ease  o f 
making th e  c ro s s e s , th e  re g u la r  b e h a v io r  o f chromosomes during  m e io s is  
and th e  h igh  to  com plete f e r t i l i t y  in  F-̂  p la n ts ,  th e  a u th o r  concludes 
th a t  0 . balunga i s  v e ry  c lo se ly  r e l a t e d  to  0 . s a tiv a  and th e  cy to ­
g e n e tic  r e la t io n s h ip  between th e  two i s  no more d i s t a n t  than  th e  r e ­
la t io n s h ip  between 0 , s a t iv a  and th e  two b o ta n ic a l  v a r i e t i e s ,  v a r .  
f a tu a  and v a r . form osana p re se n te d  p re v io u s ly . However, in  view o f 
th e  g r e a t  d if f e re n c e s  in  morphology between 0 . s a t iv a  and 0 . balunga 
and th e  d i s t i n c t  p e re n n ia l  and procumbent growth h a b i t  o f  th e  l a t t e r ,  
th e  au th o r  f e e l s  t h a t  0 . balunga should be co n sid e red  a s  a s e p a ra te  
sp e c ie s  from 0 . s a t iv a .  For t h i s  reaso n , a s  in d ic a te d  in  th e  p re ­
v io u s  s e c tio n , th e  name 0 . balunga has  been adopted p ro v is io n a lly ..
The reaso n s  why th e  a u th o r  f e e l s  t h a t  t h i s  form should a lso  be 
recogn ized  a s  a se p a ra te  sp ec ie s  from 0 . p e re n n is  w i l l  be p resen ted  
l a t e r  in  th e  d i s s e r ta t io n  a f t e r  a l l  o f  th e  r e s u l t s  from o th e r  h y b rid s  
have been d iscu ssed .
The a u th o r  i s  o f  th e  op in ion  t h a t  0 . balunga i s  p robably  th e  
a n c e s t r a l  form o f our c u l t iv a te d  r i c e ,  0 . s a t iv a .  F u r th e r  evidence 
from which t h i s  o p in io n  was reached  w i l l  be p re sen ted  in  a l a t e r  
s e c t io n .
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(D) C ro sses  between 0 . s a tiv a  and 0 . perenn is  v a r .  cubensis
Seven c ro sse s  o f t h i s  ty p e  were made in  1957* The c u l t iv a te d  
v a r i e t i e s  o f 0 . s a tiv a  invo lved  in  th e s e  c ro sses  were N ira , Nato, 
C a lro se , A sah i, F o rtuna , C aro lin a  Gold and Improved Blue Rose. 0 . 
p e re n n is  v a r .  cu b en sis  was employed a s  th e  p o llen  p a re n t fo r  a l l  
c ro s s e s .
An av erag e  of 16 .5  % o f  p o l l in a te d  f l o r e t s  s e t t in g  seed in  
making t h i s  type o f c ro ss  was ob ta ined  and th e  development o f  th e  
F-j_ seed appeared  to  be norm al. A lthough th e  percen tage  o f seed 
s e t  from p o l l in a te d  f l o r e t s  was not v ery  low, i t  was the  a u th o r 's  
ex p erien ce  t h a t  c ro sse s  betw een th e se  two forms were not a s  easy  
to  make a s  f o r  th e  p re v io u s ly  re p o rte d  th re e  ty p es  o f c ro s s e s . A 
la rg e  number o f f l o r e t s ,  more th an  700, were p o l l in a te d  in  an a t ­
tem pt to  g e t  s u f f ic ie n t  F^ seed and p la n ts  f o r  th e  study.
In  appearence, th e  F^ p la n ts  resem bled 0. p e ren n is  v a r .  cubensis 
more c lo s e ly  in  such c h a ra c te r s  as an thocyanin  development i n  th e  
l e a f  sh e a th , c o lo r  o f s tigm a, awn c o n d itio n  and s h a tte r in g  o f  th e  
s p ik e le t s .  As to  th e  growth h a b it ,  th e  F^ p la n ts  a l l  showed th e  
same c h a r a c t e r i s t i c s  a s  th e  p e re n n is  p a re n t. They were p e re n n ia l  
and re q u ire d  sh o rt-d ay s  fo r  f lo w e rin g . They a ls o  resem bled 0 . 
p e re n n is  v a r .  cu b en sis  in  t h a t  they  d id  no t form stems w ith  nodes 
u n t i l  p a n ic le  i n i t i a t i o n  was induced by sh o rt-d ay  tre a tm e n t. U n ti l  
th e n , on ly  le a f y  t i s s u e  was p re sen t in  th e  p la n t .
R e s u lts  from c y to lo g ic a l  s tu d ie s  o f m eiosis  in  th e  F]_ p la n ts  
showed th a t  a t  MI th e  frequency  of rod-shaped b iv a le n ts  p er c e l l  
ranged from  3 .1 9  to  6.27  and th e  frequency  o f lo o s e ly  h e ld  b iv a le n ts
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v a r ie d  from 0 .3 6  to  0 .7 2  p e r  c e l l  among th e  seven c ro s s e s  s tu d ie d . 
These f re q u e n c ie s  proved t o  be h ig h e r  th a n  th o se  observed  i n  homo­
zygous v a r i e t i e s  o f 0 . s a t iv a  and th e  occu rren ce  o f rod-shaped  
b iv a le n ts  appeared  to  be more f re q u e n t th a n  in  th e  p rev io u s  ty p e s  
o f c ro s s e s ,  i . e . ,  c ro s s e s  o f 0 . s a t iv a  w ith  0 . s a t iv a  v a r .  form osana 
and 0 . b a lu n g a . b u t n o t a p p re c ia b ly  h ig h e r  th an  i n  th e  c ro sse s  be­
tw een 0 . s a tiv a  and 0 . s a t iv a  v a r .  f a tu a .
At d ia k in e s is  and MI, th e  p e rc e n ta g e  o f c e l l s  having  u n iv a le n ts  
ranged from 0 .0  to  1 .7 9  fo r  th e  seven c ro s s e s . Only in  two c ro s s e s  
(h y b rid s  No. 10 & 16) were c e l l s  found which co n ta in ed  more th an  
two u n iv a le n ts .  In  h y b rid  No. 10 , one c e l l  c o n ta in in g  s ix  u n i­
v a le n ts  was observed  and i n  h y b rid  No. 16 th e re  w ere two c e l l s  
w ith  fo u r  u n iv a le n ts .  No c e l l s  having  u n iv a le n ts  were found in  
h y b rid  No. 11 . In  th e  r e s t  o f  th e  c ro s s e s  no t more th a n  two u n i­
v a le n ts  p e r c e l l  were observed  a lth o u g h  th e  frequency  o f  such c e l l s  
v a r ie d  (P hoto . 6 ) .  T h is  k ind o f ab n o rm ality  was somewhat more f r e ­
quen t than  in  th e  homozygous v a r i e t i e s  o f  0 . s a t iv a  b u t th e  v a lu es  
a re  n o t any h ig h e r  th an  th o se  o b ta in e d  in  th e  p re v io u s ly  re p o rte d  
th r e e  ty p e s  o f  c ro s s e s .
At AI, a s  in d ic a te d  in  Table I I ,  c e r ta in  a b n o rm a lit ie s  were 
observed  in  a l l  o f th e  c ro sse s  w ith  th e  p ercen tag e  o f abnormal 
c e l l s  rang ing  from 0 .2 5  to  1 .0 3 . As shown in  P hoto . 7 , a  c e l l  a t  
AI i n  h y b rid  No. 13 co n ta in ed  11 chromosomes a t  each p o le  and a 
b r id g e  p lu s  a frag m en t. T h is type  o f  ab n o rm ality  in  th e  ap­
p a r e n t ly  was due to  th e  he terozygous c o n d itio n  o f  a p a ra c e n tr ic  
in v e r s io n .  A b n o rm alitie s  observed i n  o th e r  h y b rid s  a l l  belong to
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P ho to . 7 . Anaphase I  in  th e  p la n t  o f  0 , s a tiv a  X 0 . p e re n n is  
v a r .  cu b en sis  showing b r id g e  and fragm en t.
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one ca tagory  which showed 11 chromosomes a t  each p o le  and a la g ­
g in g  unseparated  b iv a le n t .  T h is  c o n s is t e n t ,  though in fr e q u e n t ,  
occu rrence o f  a b n o rm a litie s  a t  AI seemed t o  in d ic a te  th a t  th ere  
i s  some degree o f  chromosome d i f f e r e n t ia t io n  between the two forms 
in v o lv ed  in  th e  c r o s s e s .  No a b n o rm a lit ie s  were found a t TI f o r  any 
o f  th e  seven h y b r id s .
The p ercen ta g e  o f  p o l le n  s ta in a b le  i n  aceto -carm in e v a r ied  
from 8 .2  t o  1 6 .2  among th e  sev en  c r o s s e s . However, no seed was 
s e t  in  s e v e r a l thousands f l o r e t s  examined. The low  percentage o f  
s ta in a b le  p o lle n  and the com plete  s e l f  s t e r i l i t y  shown by th e  seed  
s e t  data  d i f f e r e n t ia t e  t h i s  ty p e  o f c r o s s  from a l l  o f  th e  p r e v io u s ly  
rep o rted  ty p e s .
The homology shown in  chromosome b eh a v io r  a t  d ia k in e s is  and MI 
su g g e sts  th a t  0 . p eren n is v a r .  cu bensis i s  a ’w ild  form c lo s e ly  
r e la t e d  to  0 . s a t iv a . However, th e  a b n o rm a litie s  found a t  AI and 
th e  com plete s t e r i l i t y  o f  F-̂  p la n ts  in d ic a t e  th a t th e  r e la t io n s h ip  
between t h i s  p eren n ia l w ild  form and 0 . s a t iv a  i s  n o t a s  c lo s e  a s  
between 0 .  s a t iv a  and th e  b o ta n ic a l v a r i e t i e s ,  v ar . fa tu a  and v a r . 
form osana. or between 0 . s a t iv a  and 0 . b a lu n ga . Furtherm ore, d i f ­
fe r e n c e s  in  g eo g ra p h ica l d is t r ib u t io n ,  m orp h o log ica l ch a ra cters  
and growth h a b it a ls o  d is t in g u is h  0 . p e r en n is  var . cu b en sis  from  
0 . s a t i v a . Thus, th e  au th or concludes t h a t  th ere i s  no doubt th a t  
0 . p eren n is  v ar . cu b en sis  i s  a separate s p e c ie s  d i s t i n c t  from  
0 . s a t iv a  but r e la te d  to  th e  l a t t e r .
Based on th e ex trem ely  c lo s e  r e la t io n s h ip  ob served  between  
0 . s a t iv a  and 0 . balunga and th e  more d is t a n t  r e la t io n s h ip  between
0 . sa t iv a  and .0 . p eren n is  v a r . cu b e n s is . p r im arily  shown in  the  
th e  chromosome behavior and f e r t i l i t y  o f  th e  p la n ts , i t  can be 
in fe r r e d  in d ir e c t ly  th a t  0 . balunga should  be con sidered  a s  a 
sep ara te  s p e c ie s  from 0 . p eren n is . I t  i s  fo r  t h i s  reason  th a t  
th e  author adopted th e  s p e c i f ic  s ta tu s  and the name 0 . balunga  
fo r  th e  w ild  form found in  In d ia  in s te a d  o f  accep tin g  i t  a s  a 
v a r ie ty  o f  0 .  perennis a s  suggested by Sampath and Govindaswami 
(19.53).
(E) C ross between 0 . s a t iv a  and 0 . p eren n is  v a r . b a r th ii
S evera l c u lt iv a te d  v a r ie t i e s  o f  0 .  sa tiv a  w ere used a s  th e  
seed  parent in  a ttem p ts a t  h y b r id iz a tio n  between 0 . s a t iv a  and 
0 .  peren n is v a r . b a r t h i i . However, seed was ob ta in ed  from on ly  
one com bination, between the c u lt iv a te d  v a r ie ty  C airose and t h i s  
w ild  A frican  form o f  0 . p eren n is . From a la r g e  number o f  f lo r e t s  
(464) p o ll in a te d  in  t h i s  com bination, on ly  one genninabie seed was 
ob ta in ed , which g iv e s  a percentage o f  0 .2 1 , T his s in g le  seed was 
not w e ll  developed , but fo r tu n a te ly  th e  author was a b le  to  ob ta in  
a normal F^ p la n t from i t  fo r  th e  stud y  o f  t h i s  typ e  o f  c r o ss .
The g en era l morphology o f  th e  s in g le  F-̂  p la n t was g e n e r a lly  
in term ed ia te  between th e  two p a ren ts . However, in  some ch a ra c ter s , 
such a s  th e dark purple co lo r  o f  th e  stig m a , th e  red co lo red  long  
awns, sh a tter in g  o f  th e  s p ik e le t s  and th e  p eren n ia l growth h a b it ,  
th e  resem bled th e  A frican  w ild  form more c lo s e ly ,  although the  
developm ent o f  rhizom es in  the F]_ p la n t was not a s  strong a s  in  
0 . p eren n is  var, b a r t h i i .
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The study o f m e io s is  showed th a t  a t  d ia k in e s is  and MI th e  f r e ­
quencies o f rod-shaped and lo o s e ly  h e ld  b iv a le n ts  p er c e l l  were 3 .8 2  
and 1 .3 9 , re sp e c t iv e ly .  These two k in d s  o f  p o s s ib le  a b n o rm a litie s  
were s l ig h t ly  more fre q u e n t th an  in  th e  homozygous v a r i e t i e s  of 
0 . s a t iv a  bu t the  v a lu e s  .a re  n o t h ig h e r  than th o se  o b ta in ed  in  th e  
v a r io u s  p rev io u sly  re p o rte d  ty p es  o f h y b rid s .
Among the  467 PMCs examined a t  d ia k in e s is  and MI, 17 c e l l s  con­
ta in e d  two u n iv a le n ts , one c e l l  co n ta in ed  fo u r u n iv a le n ts  and th re e  
c e l l s  were found to  have a s  many a s  8 -14  u n iv a le n ts .  The percen tage  
o f  t o t a l  c e l ls  w ith  v ario u s  number o f u n iv a le n ts  was 4 .4 9 . This 
v a lu e  i s  h igher th a n  those o b ta in ed  in  th e  c u l t iv a te d  v a r i e t i e s  o f 
0 . s a t iv a  and in  th e  0 . s a t iv a  X 0 . p e ren n is  v a r .  cu b en sis  hybrid  
b u t s im ila r  to  th o se  found in  th e  o th e r  th re e  ty p e s  o f  c ro sse s  
d e sc rib e d  p re v io u s ly .
F ive c e l l s  w ith  1-2 lag g in g  chromosomes o r  1 lag g in g  b iv a le n t  
p lu s  two c e l l s  shoiving unequal d is ju n c t io n  (13 + 11) (P ho to . 8 ) were 
observed  a t  AI. T h is  g iv es  a t o t a l  o f  2 .21  % c e l l s  w ith  abnorm ali­
t i e s  among 317 PMCs examined. This v a lu e  i s  h ig h e r  th an  th o se  ob­
ta in e d  i n  a l l  o f th e  crosses p reced in g  t h i s  one. A ll th e  PMCs ex­
amined a t  TI appeared  to  be norm al.
The d a ta  on f e r t i l i t y  o f  th e  p la n t  in  t h i s  c ro ss  were i n t e r ­
e s tin g  though d i f f i c u l t  to  i n t e r p r e t .  D esp ite  th e  somewhat more 
i r r e g u la r  chromosome b eh av io r o f t h i s  hybrid  th a n  in  th e  c ro sse s  o f 
0 . s a t iv a  w ith 0 . p e ren n is  v a r .  cu b en s is . th e  p e rcen tag e  of s ta in a b le  
p o lle n  was 70 .4  and 5 .1  p e rcen t o f  th e  f l o r e t s  s e t  seed in  c o n tr a s t  
to  th e  complete s t e r i l i t y  in  th e  0 . s a t iv a - 0 . p e re n n is  v a r .  cu b en s is  
h y b r id s .
P ho to , 8 , Anaphase I  i n  th e  F]_ p la n t  o f  0 . s a t iv a  ( C a iro se )  X.
0 ,  p e ren n is  v a r .  b a r t h i i  showing th e  unequal d is ju n c t io n  
o f  th e  chromosomes. Note t h a t  11 chromosomes a r e  p re se n t 
a t  one p o le  and 13 a t  th e  o th e r  in s te a d  o f 12 a t  each p o le .
Based on th e  d i s t in c t  d if fe re n c e s  in  morphology and growth 
h a b it such a s  th e  strong  development o f rhizom es and th e  p e ren n ia l 
h a b it ,  on th e  d i f f i c u l ty  encountered in  making the  c ro s s , on th e  
chromosomal ab n o rm a litie s  o ccu rrin g  during  m eio sis  I  and the  low 
f e r t i l i t y  o f th e  F^ p la n t ,  i t  i s  concluded by th e  a u th o r  th a t  th e  
w ild  A frican  form involved in  t h i s  c ro ss  i s  d e f in i te ly  a sep a ra te  
sp ec ies  d i s t i n c t  from 0 . s a t iv a .  However, th e  r a th e r  high degree 
o f chromosome homology shown a t  d ia k in e s is  and MI and th e  occurrence 
o f some degree o f f e r t i l i t y  in  F̂ _ suggest th a t  t h i s  sp ec ie s  i s  a lso  
c lo se ly  r e la te d  to  0. s a t iv a ,  though c e r ta in ly  the  r e la t io n s h ip  i s  
no t a s  c lo se  a s  t h a t  o f  0. s a tiv a  w ith  0 . s a t iv a  v a r . fa tu a , 0 . s a tiv a  
v a r . formosana and 0 . balunga.
(F) C ross between 0 , sa tiv a  v a r . formosana and 0 . p e re n n is  v a r . 
c u b en s is ; -
T h is  c ro ss  was made by u sing  th e  0 . p e ren n is  form as  th e  p o llen  
p a re n t.  The p ercen tag e  of p o ll in a te d  f lo r e t s  which s e t  seed when 
making th e  c ross  was 1 8 .7 . The F j seeds were w ell developed.
In  g enera l morphology, th e  F^ p la n ts  resem bled 0 . p e ren n is  v a r . 
cubensis more c lo se ly  in  such c h a ra c te rs  a s  th e  g r e a te r  le n g th  of 
the  s p ik e le ts  (7-& mm) and th e  long awns. In  growth h a b i t ,  th e  
hybrid a ls o  resem bled th e  p e ren n is  p a re n t in  such a way th a t  no 
stem t i s s u e  formed in  th e  p la n t b efo re  i n i t i a t i o n  o f flow ering  was 
induced by a r t i f i c i a l  sh o rt-d ay  trea tm en t a t  Baton Rouge. The hybrid  
i s  p e re n n ia l ,  a c h a r a c te r is t ic  o f both p a re n ta l  form s. However, i t  
d id  n o t produce ro o ts  a t  the  lower nodes o f th e  stems a s  d id  th e
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Formosan form.
In  the  e y to lo g ic a l  s tu d ie s  o f  d ia k in e s is  and MI f o r  t h i s  c ro s s ,  
408 PMCs were examined. The fre q u e n c ie s  o f rod-shaped  and lo o se ly  
h e ld  b iv a le n ts  p e r  c e l l  were 3 .3 2  and 0 .3 5 , r e s p e c t iv e ly .  These 
v a lu e s  a re  s im i la r  o r perhaps s l i g h t ly  low er th an  th o se  observed 
in  th e  h y b rid s  between 0 . s a t iv a  and 0. p e re n n is  v a r .  c u b e n s is .
The p e rcen tag e  o f c e l l s  w ith  u n iv a le n ts  a t  d ia k in e s is  and MI 
was 0 .4 9  w ith  o n ly  two c e l l s  c o n ta in in g  u n iv a le n ts  and th ese  having 
no more th a n  two u n iv a le n ts  each among th e  408 PKCs exam ined. This 
freq u en cy  o f c e l l s  w ith  u n iv a le n ts  i s  low er than  in  m ost o f  th e  
h y b rid s  between 0 . s a t iv a  and th e  Cuban form o f 0. p e re n n is .
As in d ic a te d  in  Table I I ,  no a b n o rm a litie s  were found in  AI 
o r TI fo r  t h i s  h y b rid .
The percen tage  o f p o lle n  s ta in a b le  in  ace to -carm in e  was 2 0 .0 . 
The percen tage  o f  f l o r e t s  s e t t in g  seed f o r  t h i s  h y b rid  was 2 .0 . 
A gain, th e se  v a lu e s  in  f e r t i l i t y  a re  s l ig h t ly  h ig h e r  b u t s im ila r  
to  th o se  found in  th e  0 . s a tiv a  X 0 . p e ren n is  v a r .  cu bensis  h y b rid s .
The s im i l a r i t i e s  in  th e  r e s u l t s  ob ta in ed  from c y to lo g ic a l  and 
f e r t i l i t y  s tu d ie s  o f t h i s  c ro ss  and th e  c ro sse s  between 0 . s a tiv a  
and 0 . p e ren n is  v a r .  cubensis  confirm  th a t  th e  r e la t io n s h ip  between 
0 . p e ren n is  v a r .  cubensis  and 0 . s a t iv a  v a r ,  formosana i s  s im ila r  
to  t h a t  between th e  form er and th e  c u l t iv a te d  r ic e ,  0 . s a t i v a . From 
t h i s ,  th e  a u th o r concludes t h a t ,  a s  exp ec ted , the  Cuban form of 
0. p e re n n is  i s  c lo se ly  r e la te d  to  bo th  0 . s a tiv a  and i t s  b o ta n ic a l 
v a r ie ty  v a r . form osana.
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(G) G rosses between 0 . balunga and 0 .  p e re n n is : -
For t h i s  type o f com bination , a t te m p ts  were made to  c ro ss  
bo th  th e  Cuban and A fr ic a n  forms o f  th e  sp e c ie s  0 . p e re n n is  w ith  
0 . b a lu n g a . These c ro s s e s  were l i s t e d  i n  'M a te r ia l  and  M ethods' 
a s  h y b rid s  No. 19 and 20. No. 19 i s  th e  h y b rid  between 0 . balunga 
and 0 . p e re n n is  v a r .  cu b en s is  from a c ro s s  u s in g  th e  l a t t e r  a s  th e  
seed p a re n t w h ile  c ro ss  No. 20 i s  a com bination  betw een 0 . balunga 
and 0 . p e re n n is  v a r .  b a r t h i i . w ith  th e  l a t t e r  as  p o lle n  p a re n t.
The p e rcen tag e  o f  f l o r e t s  s e t t in g  seed in  making th e  No. 19 
c ro ss  (0 , p e re n n is  v a r .  cu b en s is  X 0 , b a lu n g a ) was 5 6 .6  and th a t  
f o r  c ro ss  No. 20 (0 . balunga X  0 . p e re n n is  v a r .  b a r t h i i ) was 3 1 .3 .  
However, F j  seed from th e  l a t t e r  c ro s s  were n o t w e ll developed and 
most o f them c o n s is te d  on ly  o f th e  d r ie d  ovary  w a ll w ith o u t ev idence 
o f  an embryo. No g erm in a tio n  was o b ta in ed  from seed o f t h i s  c r o s s .
In  g e n e ra l m orphology, th e  Fj_ p la n ts  from th e  c ro s s  o f 0 . p e r­
e n n is  v a r .  cubensis  X 0 . balunga resem bled  0 . balunga v ery  c lo s e ly  
i n  th e  v e g e ta tiv e  s ta g e  o f developm ent. However, a t  th e  tim e of 
w r i t in g  o f t h i s  d i s s e r t a t i o n ,  th e  F̂ _ p la n ts  a re  s t i l l  i n  th e  vege­
t a t i v e  s tag e  and have n o t y e t produced any p a n ic le s  d e s p ite  s h o r t-  
day tre a tm e n t. C onsequently , no m a te r ia l  was a v a i la b le  fo r  c y to -  
lo g i c a l  and f e r t i l i t y  s tu d ie s .
(H) C ross between 0 . p e re n n is  v a r .  cu b en s is  and 0 . p e re n n is  v a r . 
b a r t h i i
The A frican  fo rm ,v a r. b a r t h i i .  was used  a s  th e  m ale p a re n t in  
t h i s  c ro s s . The p e rcen tag e  o f p o l l in a te d  f l o r e t s  which s e t  seed
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was 3 .75  and most o f th e  seed .w ere n o t norm ally developed, w ith  a 
shrunken ap p earen ce . Among th e  few F-̂  seeds o b ta in e d , on ly  one 
seed proved germ inable  and from i t  a fe e b le  p la n t  developed th a t  
d id  no t su rv iv e  to  m a tu r ity . F o r tu n a te ly , however, m a te r ia l  could  
be c o lle c te d  f o r  c y to lo g ic a l  and p o lle n  s t a i n a b i l i t y  s tu d ie s  b e fo re  
th e  p la n t d ied .
S ince bo th  p a re n ts  resem ble each o th e r  in  t h e i r  g e n e ra l mor­
phology, except fo r  th e  s trong  developm ent o f rhizom es in  v a r . 
b a r t h i i .  no sp e c ia l  f e a tu re s  were observed  in  th e  h y b r id . Since 
th e  Fq_ p la n t was weak, small and d ied  befo re  m a tu r i ty ,  i t  was no t 
p o s s ib le  to  determ ine w hether th e  p la n t  was rh izom atous o r  n o t .  
However, th e  developm ent of dark  red  p ig aen t in  th e  l e a f  sheath 
was n o tic e a b ly  s tro n g e r  than  in  bo th  p a ren t form s,
C y to lo g ica l s tu d ie s  of m e io s is  i n  th e  F^ p la n t  showed th a t  
th e  freq u e n c ie s  o f rod-shaped and lo o s e ly  held  b iv a le n ts  per c e l l  
w ere 3 .3 4  and 0 .3 1 , r e s p e c t iv e ly .  These v a lu es  a re  s im ila r  to  o r 
s l i g h t ly  loxver th a n  th o se  found in  h y b rid s  betw een 0 . s a tiv a  and 
i t s  b o ta n ic a l  v a r i e t i e s .
Among th e  515 PMCs examined a t  d ia k in e s is  and MI, only one 
c e l l  was found to  c o n ta in  u n iv a le n ts ,  fo u r in  number, which g iv e s  
a p ercen tag e  of 0 .1 9 . This v a lu e  i s  alm ost th e  same a s  th a t  found 
in  homozygous c u l t iv a te d  v a r i e t i e s  w ith in  th e  sp e c ie s  0 . s a t iv a . 
in d ic a t in g  a c lo se  k in sh ip  betw een th e se  tx^o form s o f 0 . p e re n n is .
As shown in  Table I I ,  4 .8 2  % o f  abnormal c e l l s  were found 
among 228 PMCs examined a t  A I. The on ly  ab n o rm ality  observed in  
th e s e  c e l l s  was th e  occurrence o f one o r  two la g g in g  b iv a le n ts  due
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to  some kind  o f in te r f e r e n c e  in  th e  d is ju n c tio n  o f  th e  chromosomes 
which were p a ire d  b e fo re  t h i s  s ta g e . No a b n o rm a litie s  were found 
a t  T I, among 466 PMCs examined.
The p e rcen tag e  o f  p o lle n  s ta in a b le  in  ace to -carm ine  was 100 .00 , 
in d ic a t in g  com plete f e r t i l i t y .  U n fo rtu n a te ly , however, a s  th e  p la n t  
d ied  b e fo re  re a ch in g  m a tu rity , no seed s e t  d a ta  cou ld  be o b ta in ed  
a s  supplim entary  p ro o f o f such p e r f e c t  f e r t i l i t y  a s  in d ic a te d  by th e  
p o lle n  s t a i n a b i l i t y  r e s u l t s .
R e su lts  from s tu d ie s  on t h i s  hyb rid  le a d  th e  a u th o r to  con­
clude th a t  th e  r e la t io n s h ip  between th e se  two w ild  forms i s  very  
c lo s e .  C onsequently , th e  a u th o r  ag rees  w ith  th e  c l a s s i f i c a t io n  
suggested  by C h ev a lie r  (1932), th a t  th e  A frican  w ild  form should 
be grouped under th e  same sp e c ie s , 0 . p e re n n is . w ith  th e  American 
form found i n  th e  West I n d ie s .  These two forms a re  d e sc rib e d  in  
t h i s  d i s s e r ta t i o n  under th e  d e s ig n a tio n s  0 . p e ren n is  v a r ,  b a r t h i i  
and 0 . p e ren n is  v a r .  cu b e n s is .
The co n c lu sio n  th a t  th e  two forms a re  b o ta n ic a l v a r i e t i e s  o f 
one s p e c ie s  was based on th e  s i m i l a r i t i e s  in  morphology, the  regu­
l a r  chromosome p a ir in g  shown a t  d ia k in e s is  and MI and th e  complete 
f e r t i l i t y  in d ic a te d  by th e  p ercen tag e  o f s ta in a b le  p o lle n  o f th e  F-̂  
p l a n t . .  The r e l a t iv e ly  high frequency  o f abnormal c e l l s  observed 
a t  A1 was p robably  due to  some k ind  o f g e n e tic  d i f f e r e n t i a t i o n  
which o ccu rred  during  th e  long  se p a ra tio n  o f th e se  two form s. The 
s tro n g ly  rhizom atous c o n d itio n  and t h e .com plete s e l f  s t e r i l i t y  
shown a t  Baton Rouge in  v a r .  b a r th i i  a r e  probably  a ls o  in d ic a t io n  
o f  th e  occurrence o f such g e n e tic  d i f f e r e n t i a t i o n .
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( I )  C ro sse s  betw een 0 . g lab errim a  v a r i e t i e s : -
Two c ro s s e s  in v o lv in g  th re e  c u l t iv a te d  v a r i e t i e s  o f 0 . g lab errim a 
were in c lu d e d  in  th e  s tu d y  o f t h i s  ty p e  o f  h y b rid s , nam ely, Legheh 
X K ebleh (h y b rid  No. 22) and Legheh X Ekasa (hyb rid  No. 2 3 ).
The p e rc e n ta g e s  o f p o l l in a te d  f l o r e t s  which s e t  seed when 
making th e  c ro s s e s  were 87 .9  and 50.5 f o r  c ro s s e s  No. 22 and No. 23, 
r e s p e c t iv e ly .  The mean was 59 .4  %• These c ro sse s  proved easy to  
make and th e  seed w ere a l l  w ell developed .
The o n ly  n o tic e a b le  d if f e re n c e  in  m orp h o lo g ica l fe a tu re  i n  
th e  p a re n ts  i s  in  th e  long  s t e r i l e  lemmas o f th e  Ekasa v a r ie ty .
T h is c o n d itio n  was dominant over sh o rt lemmas.
As shown in  Table I ,  from c y to lo g ic a l  s tu d ie s ,  th e  f re q u e n c ie s  
o f ro d -sh ap ed  b iv a le n ts  p e r  c e l l  were 1 .6 0  and 3*84 fo r  th e  two 
c ro s s e s  and th e  f re q u e n c ie s  o f lo o se ly  h e ld  b iv a le n ts  fo r  th e  c ro sse s  
were 0 .05  and 0 .5 2  p e r c e l l .  As an av e rag e , th e se  v a lu es  a re  compa­
r a b le  to  th o se  found in  homozygous c u l t iv a te d  v a r i e t i e s  w ith in  th e  
sp e c ie s  0 . s a t i v a .
C e lls  w ith  u n iv a le n ts  were only  observed i n  h y b rid  No. 23 . In  
t h i s  h y b rid , seven c e l l s  w ith  two u n iv a len t.s  and two c e l l s  c o n ta in ­
in g  fo u r  u n iv a le n ts  were found among 436 PMCs examined. The p e r ­
c en tag e  o f  t o t a l  c e l l s  w ith  u n iv a le n ts  was 2 .0 6 . No c e l l s  were 
found having u n iv a le n ts  in  h y b rid  No. 22.
As in d ic a te d  in  T able I I ,  no a b n o rm a litie s  were found a t  AI 
o r  TI f o r  th e s e  two c ro s s e s .
The p e rc e n ta g e s  o f  p o lle n  s ta in a b le  in  ace to -carm in e  were 93 .5  
and 92 .3  f o r  h y b rid s  No, 22 and No. 23, r e s p e c t iv e ly .  Although no
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re c o rd s  were tak en  f o r  th e  p e rcen tag e  o f seed s e t ,  th e se  F^ p la n ts  
p roved to  be f e r t i l e ,  a s  suggested  by th e  r e s u l t s  from th e  s tudy  
o f  p o lle n  s t a i n a b i l i t y .
Based on th e  s i m i l a r i t i e s  in  th e  morphology and th e  s tro n g ly  
an n u a l growth h a b i t ,  on th e  ease  o f  making th e  c r o s s e s ,  on th e  
re g u la r  chromosome b e h av io r  du rin g  m e io s is  and on th e  alm ost com­
p le te  f e r t i l i t y  in  th e  p la n ts ,  i t  i s  concluded by th e  a u th o r  
t h a t  th e s e  th r e e  c u l t iv a te d  v a r i e t i e s  o f  0 . g lab e rrim a  a re  c lo s e ly  
ak in  to  one a n o th e r  and th e re  i s  no doubt th a t  th ey  belong to  th e  
same s p e c ie s .  T h is  co n c lu s io n  w i l l  a llo w  th e  a u th o r  to  use  f r e e ly  
any o f  th e  th r e e  v a r i e t i e s  a s  a  r e p re s e n ta t iv e  o f  0 . g lab e rrim a  in  
th e  s tu d ie s  o f o th e r  i n t e r s p e c i f i c  h y b rid s  whenever t h i s  sp e c ie s  
was in v o lv ed .
( j )  C rosses between 0 . s a t iv a  and 0 . g lab e rrim a
F iv e  v a r i e t i e s  o f 0 . s a t iv a  (C a lro se , C olusa, Z i r i ,  Im pr.
Blue Rose and C a ro lin a  Gold) and th r e e  v a r i e t i e s  o f  0 . g la b e rrim a  
(E kasa , Legheh and Kebleh) w ere invo lved  in  seven c ro sses  betw een 
th e se  two c u l t iv a te d  sp ec ie s  i n  th e  s tu d ie s .  The g laberrim a v a r i e ­
t i e s  were used  a s  m ale p a re n t in  fo u r  o f  th e  seven c ro sse s  and a s  
fem ale p a re n t in  o th e r  th r e e .  Both ways o f p roducing  th e  h y b r id s  
proved s u c c e s s fu l .
The p ercen tag e  o f  seed s e t  from p o l l in a te d  f l o r e t s  in  making 
th e  c ro s s e s  ranged from  3 6 .3  to  63.4 w ith  a mean o f 46 .6  % f o r  th e  
seven c ro s s e s  in c lu d e d  in  th e  p re se n t s tu d ie s .  The c o n s is te n t  
h igh  p e rc e n t seed s e t  o b ta in ed  from v a r io u s  v a r i e t a l  com binations
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between th e se  two sp ec ie s  in d ic a te s  the ease  o f making th is  ty p e  
o f c ro s s .
In  g en era l morphology, th e  F^ p la n ts  resem bled th e  0. s a t iv a  
p a re n t in  such c h a ra c te r s  a s  th e  roughness o f le a v e s  and the h a i r i ­
ness  o f th e  lemma and p a lea . However, th e  shape o f th e  l ig u le  was 
s im ila r  to  th a t  o f  th e  0 . g lab e rrim a  p a re n t except t h a t  i t  was 
lo n g er in  th e  p la n ts .  The stigm a c o lo r  o f 0. g laberrim a v a r i e ­
t i e s  appeared  to  be dom inant. An in te r e s t in g  f e a tu re  shown in  th e  
Fj_ p la n ts  was th a t  th e  s p ik e le ts  o f a l l  th e  h ybrid s were avmed and 
th e  awn le n g th  was g re a te r  th an  bo th  p a re n ts .  This ev id en tly  was 
due to  some kind o f gene in te r a c t io n .  The empty s p ik e le ts  of th e  
s t e r i l e  F-j_ p la n ts  had a tendency to  s h a t te r .  In  grow th h ab it, th e  
F i h yb rid s were a l l  s tro n g ly  a n n u a l, a c h a r a c te r i s t i c  o f  the  0 . 
g lab errim a  p a re n t.
From th e  c y to lo g ic a l  s tu d ie s  o f  d ia k in e s is  and MI, the  f r e ­
quency o f rod-shaped b iv a le n ts  p e r c e l l  was found to  range from
0.82  to  3 .9 6  and th e  frequency o f lo o se ly  he ld  b iv a le n ts  varied  
from 1 .0 0  to  2.83 p er c e l l  a t  MI fo r  the seven c ro sse s .
The percen tage  of c e l l s  con ta in ing  u n iv a le n ts  a t  d ia k in e s is  
and MI v a r ie d  from 26.3 to  75*3 among th e  seven c ro s s e s .  As shown 
in  Table I ,  a very  la rg e  number o f  c e l l s  having two u n iv a le n ts  
c o n s is te n t ly  occurred  in  a l l  o f th e  h y b rid s  (Photo. 9 & 10). The 
frequency  o f c e l l s  co n ta in in g  fo u r  u n iv a le n ts  was a l s o  r e la t iv e ly  
high i n  a l l  o f th e  F-̂  p la n ts  (Photo . 1 1 ) . F requencies  o f c e l l s  
w ith  6, 8-14 and 16-22 u n iv a le n ts  v a r ie d  in  d i f f e r e n t  c ro sses .
However, they  d id  occur commonly in  a l l  F-j_ p la n ts  w ith  two ex c ep tio n s ,
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i . e . ,  in  hyb rid  No. 28 no c e l l s  w ith  s ix  u n iv a le n ts  was found 
among the  544 PHCs examined and in  hyb rid  No. 29 c e l l s  w ith  8-14 
u n iv a le n ts  were no t observed among 419 PMCs. R ep resen ta tiv e  p ho to ­
m icrographs showing c e l l s  c o n ta in in g  8, 12 and 20 u n iv a le n ts  a re  
p re se n te d  (P ho to . 12, 13 & 1 4 ). In  c e r ta in  c ro s s e s ,  such as  h y b rid s  
No. 25 and No. 30 , a very  la rg e  number o f c e l l s  were found to  con­
t a i n  a s  many a s  24 u n iv a le n ts  in d ic a t in g  com plete f a i lu r e  o f p a ir in g  
betw een th e  chromosome s e ts  from th e  two sp ec ie s  (P hoto . 15 & 1 6 ) .
In  a d d itio n  to  th e  c o n s is te n t ly  high frequency o f  occurrence 
o f u n iv a le n ts  a t  d ia k in e s is  and MI, th e  lo o se ly  held  co n d itio n  o f 
th e  b iv a le n ts  was a lso  prom inent in  t h i s  type o f h y b rid . As shown 
in  Photo. 10 and Photo. 12 , the  s tre tc h e d  o u t c o n f ig u ra tio n  o f b i ­
v a le n ts  a t  MI and th e  b iv a le n ts  h e ld  on ly  by a s in g le  chiasma a t  
d ia k in e s is  a l l  in d ic a te  th e  lack  o f complete homology between th e  
two s e ts  o f chromosomes from 0. s a t iv a  and 0 . g la b e rr im a . However, 
a s  in d ic a te d  p re v io u s ly , th e  frequency  of lo o se ly  h e ld  b iv a le n ts  
p e r  c e l l  d id  n o t appear to  be p a r t i c u la r ly  h igh in  th e s e  c ro sse s .
T h is  was probably  due to  th e  f a c t  th a t  a g re a t  many c e l l s  co n ta in ed  
u n iv a le n ts  in s te a d  of b iv a le n ts  and th e  frequency was c a lc u la te d  a s  
number o f lo o se ly  h e ld  b iv a le n ts  p e r  c e l l .  In  o th e r  words, i f  t h i s  
had been computed on th e  b a s is  o f  t o t a l  b iv a le n ts  i t  would be a 
h ig h e r  v a lu e .
As in d ic a te d  in  Table I I ,  th e  frequency o f abnormal c e l l s  ob­
se rv ed  a t  AI ranged from 3 .4  to  4 5 .0  in  the seven c ro s s e s .  The 
a b n o rm a litie s  found a t  t h i s  stage  in c lu d ed  v a r io u s  numbers o f la g g a rd s , 
unequal d is ju n c t io n ,  b rid g e  p lu s  fragm ent and o th e rs .
Photo. 9 . Metaphase I  in  th e  Ft p la n t  o f  0 . g laberrim a (Ekasa) 
X 0 . s a t iv a  (C airose) showing IT b iv a le n ts  and 2 
u n iv a le n ts .
P hoto . 10. Metaphase I  in  th e  Fi p la n t  o f 0 . s a tiv a  ( Z i r i )  X 
0 . g laberrim a (Ekasa) showing 11 b iv a le n ts  and 2 
u n iv a le n ts .  Most o f th e  b iv a le n t s  a re  lo o s e ly  h e ld .
P hoto . 11 . Metaphase I  in  the  p la n t  o f  0 . g lab errim a (Ekasa) 
X 0 . s a t iv a  (C olusa) showing 10 b iv a le n ts  and 4 u n i­
v a le n ts .  One o f th e  u n iv a le n ts  has n o t moved to  th e  
e q u a to r ia l  p l a t e .
P ho to . 12. E a rly  d ia k in e s is  in  th e  F]_ p la n t  o f 0 . s a t iv a  (C a lro se )  
X 0 . g lab e rrim a  (Legheh) showing 8 b iv a le n ts  and 8 u n i­
v a le n ts .  Each o f th e  b iv a le n t s  a re  held  by on ly  a 








P hoto. 13. Metaphase I  in  th e  Ft p la n t  o f  0 . g lab errim a  (Ekasa)
X 0 . s a tiv a  (C a lro se ) showing 6 b iv a le n ts  and 12 u n i ­
v a le n ts .  P a r t o f  th e  b iv a le n ts  a re  lo o se ly  h e ld . 
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Photo. 14. Metaphase I  in  th e  Ft p la n t o f  0 . g laberrim a (Ekasa) 
^  2* s a tiv a  (C a iro se ) showing 2 b iv a le n ts  and 20 u n i­
v a le n ts .  B iv a le n ts  a re  in d ic a te d  by arrow s.
P hoto . D ia k in e s is  in  th e  F]_ p la n t o f  CE g lab e rrim a  (Ekasa) X
0 . s a t iv a  (C olusa) showing 24 u n iv a le n ts .
P hoto . 16. M etaphase I  in  th e  F-̂  p la n t  o f 0 . g lab errim a  (Ekasa) X 
0 . s a t iv a  (C a lro se )  showing 24 u n iv a le n ts  l in e d  up on 
th e  e q u a to r ia l  p l a t e .
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The number of la g g a rd s  found i n  each abnormal AI c e l l  ranged . 
from one to  s ix . Some o f them were lag g in g  b iv a le n ts  bu t most were 
lagg ing  in d iv id u a l chromosomes which were undergo ing  eq u a tio n a l 
d iv is io n  (Photo . 17 & I S ) .  AI c e l l s  showing unequal d is ju n c tio n  
were found to  have 10 o r  11 chromosomes a t  one p o le  and 14 o r 13 
chromosomes a t  th e  o th e r  p o le . C e lls  c o n ta in in g  b rid g e  p lu s  frag ­
ment w ere observed in  f o u r  of th e  seven h y b rid s  (Photo . 1 9 ) a Abnor­
m a l i t ie s  such as the  occurrence o f  fragm ent w ith o u t ev idence of 
b r id g e  and c e l l s  c o n ta in in g  more th a n  24 chrom atin bod ies due to  
th e  d iv is io n  of some o f  th e  u n iv a le n ts  p re sen t w ere a lso  found.
A3 i s  a lso  in d ic a te d  in  Table I I ,  the  p e rc en tag e  of c e l l s  
w ith  ab n o rm a litie s  a t  TI ranged from  0 .0  to  1 .3  among th e  seven 
h y b rid s  s tu d ie d . These a b n o rm a litie s  c o n s is te d  o f  lag g in g  chromo­
somes, t r a c e s  of broken b rid g es  a n d /o r  fragm ents. A photom icro­
graph re p re se n tin g  a TI c e l l  co n ta in in g  lagg ing  chromosomes and 
fragm ents i s  shown (P h o to . 20).
O ther a b n o rm a litie s  were a ls o  n o tic e d  d u rin g  th e  second 
d iv is io n  o f  m eio sis . These a b n o rm a litie s  were th e  i r r e g u la r  
arrangem ent o f the two s e ts  of chromosomes a t  M il and A ll and 
th e  f a i l u r e  o f c e l l  w a ll  form ation betw een th e  c e l l s  o f  what would 
norm ally  be a dyad a t  M il, A ll and T i l  s tag e s  (P h o to . 21, 22 & 2 3 ).
A minimum number o f  300 .m icrospore q u a r te ts  was examined fo r  
each o f - th e  seven c ro s s e s .  The p e rcen tag e  of abnorm al q u a r te ts  
ranged from 0 .0  to  77.7* Most o f th e s e  abnormal q u a r te ts  had the  
appearence o f  a la rg e  c e l l  w ith fo u r  n u c le i w ith o u t a c e l l  w a ll 
s e p a ra tin g  them ( s im i la r  to  what i s  shown in  P h o to . 23 a t  T i l ) .
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Even i n 't h e  c ro s s e s  which had 0 .0  % abnormal q u a r te ts  (h y b rid s  
No. 24, 25 and 26), most m icrdspores had stopped developm ent a t  th e  
q u a r te t  s tag e  w ith  shrunken c e l l  w a lls  a s  evidence o f th e  beginning  
o f t h e i r  d e te r io r a t io n .
The p ercen tag e  o f p o lle n  s ta in a b le  in  ace to -carm in e  ranged 
from 0 .0  to  5 .9  in  th e se  h y b rid s . None o f th e  F^ p la n ts  s e t  any 
seed , showing th e  com plete s t e r i l i t y  which was expected from the 
r e s u l t s  on th e  study o f p o lle n  s t a i n a b i l i t y .
Based on c e r ta in  d i s t i n c t  m orpholog ical d if fe re n c e s  such as 
th e  g la b ro u s  c o n d itio n  o f th e  p la n t  p a r t s  and the  sh o rt l ig u le  
in  0 . g la b e rr im a . th e  la c k  o f homology and p o ss ib le  s t r u c tu r a l  
d i f f e r e n t i a t i o n  o f th e  chromosomes shown in  th e  chromosome b ehav io r 
a t  v a r io u s  s ta g e s  du ring  m e io s is , th e  d is tu rb e d  developm ent o f 
m icrospores and th e  com plete s t e r i l i t y  shown by p o lle n  s ta i n a b i l i t y  
and seed s e t ,  i t  i s  concluded by th e  a u th o r  th a t  th e  A fric a n  c u l t i ­
v a te d  form 0 . g lab errim a  i s  no doubt a d i s t i n c t  sp e c ie s  from 0 . 
s a t i v a . The cy to g en e tic  r e la t io n s h ip  between th e se  two sp ce ies  
i s  much more d i s t a n t  th an  th a t  found between 0 . s a tiv a  and o th e r  
forms p re v io u s ly  d isc u sse d .
(K) Cross between 0 . balunga and 0 . g lab errim a
The on ly  c ro ss  o f t h i s  type in c lu d ed  in  th e  s tu d ie s  was 
made betw een th e  c u l t iv a te d  v a r ie ty  Ekasa o f 0 . g lab e rrim a  and 
£• b a lu n g a . The l a t t e r  was used a s  th e  male p a re n t.
The p e rcen tag e  of p o l l in a te d  f l o r e t s  which s e t  seed in  making 
th e  c ro ss  was 73.1* The c ro ss  proved easy  to  make and th e  seed
Photo* 17 . Anaphase I  i n  th e  p la n t  o f 0 . s a tiv a  (C olusa) X
0 . g lab e rrim a  (Legheh) showing two la g g in g  chromosomes 
undergoing d iv is io n  c h a r a c te r i s t i c  o f  m e io sis  I I .  
A pparently  th e s e  two chromosomes were u n iv a le n ts  a t  
metaphase I .
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Photo. IS . Anaphase I  i n  th e  Fj_ p la n t  o f  0 . g laberrim a (Ekasa) X
0. s a tiv a  (C a lro se ) showing 8 lagg ing  chromosomes under­
going d iv is io n  c h a r a c te r i s t i c  o f  m e io s is  I I .
Photo. 19 . Anaphase I  in  th e  F-j_ p la n t  o f 0 . s a tiv a  (Im pr.B lue 
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Photo. 20. Telophase I  in  th e  Ft p la n t  o f 0 . s a tiv a  (Z i-ri) X 
0 . g laberrim a (E kasa; showing lag g in g  chromosomes 
and fragm ents.
Photo. 21. Metaphase I I  i n  th e  Ft p la n t o f 0. s a t iv a  (Colusa) X 
0 . g laberrim a (Legheh) showing absence o f a c e l l  w a ll 
between th e  two s e ts  o f chromosomes.
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P hoto . 22. Anaphase I I  in  the F]_ p la n t o f  0. s a t iv a  (Colusa) X.
0 . g laberrim a (Legheh) showing absence o f c e i l  v ;a ll 
between th e  two n u c le i  and unequal d is ju n c tio n  in  
one nucleus.
Photo . 23. Telophase I I  in  th e  Ft p la n t  o f 0 . s a t iv a  (C olusa) X 
0 . g lab errim a  (Legheh) showing absence o f c e l l  w a ll 





Photo., 24. . Late d ia k in e s is  in  th e  F-]_ p la n t  o f 0 . g laberrim a 
(Ekasa) X 0 . balunga (0 . p e ren n is  v a r .  ba lunga) 
showing 11 b iv a le n ts  and 2 u n iv a le n ts .
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were w e ll developed.
In  g en era l morphology, most c h a ra c te r s  o f th e  F^ p la n ts  
such a s  shape and le n g th  o f th e  l i g u l e ,  shape o f th e . p a r a d e  
(se m i- la x )  and s iz e  o f  an th ers  w ere in te rm e d ia te  betw een the two 
p a r e n ta l  form s. However, the h a i r in e s s  o f th e  le a v e s , th e  p ig ­
m en ta tio n  o f stems and the awn c o n d it io n  in  th e  h y b rid  resem bled 
0 . ba lunga. In  grow th h a b it, th e  F^ p la n ts  were semi-procumbent 
b u t had a tendency to  ro o t a t  th e  low er nodes o f  th e  stem s a s  in  
th e  O. balunga p a re n t.  The p la n ts  were p e re n n ia l and produced 
t i l l e r s  co n tin u o u sly . The empty s p ik e le ts  on th e  s t e r i l e  F^ p la n ts  
s h a tte re d  e a s i ly .
For th e  c y to lo g ic a l  s tu d ie s  a t  d ia k in e s is  and MI, 401 PMCs 
w ere examined fo r  t h i s  F^ h y b rid . The fre q u e n c ie s  o f rod-shaped 
and lo o se ly  h e ld  b iv a le n ts  per c e l l  a t  MI were 1,90 and 1 .5 2 , 
r e s p e c t iv e ly .  These v a lu es  are  somewhat low er than  th e  o v e ra l l  
f re q u e n c ie s  o f th e se  two types o f  chromosome p a ir in g  c o n d itio n s  
o b ta in ed  in  th e  c ro s s e s  between 0 .  sa t iv a  and 0 . g la b e rrim a . How­
e v e r , they  a re  s im ila r  o r  h igher to  what was found in  c e r ta in  
com binations in  th e  p rev ious type o f c ro ss .
The percen tage o f  c e l l s  c o n ta in in g  u n iv a le n ts  a t  d ia k in e s is  
and MI was 25 .68 , w ith  la rg e  numbers o f  c e l l s  having two or fo u r  
u n iv a le n ts  each. However, no c e l l  w ith  more th an  fo u r  u n iv a le n ts  
was observed. Four photom icrographs showing c e l l s  w ith  two o r 
fo u r  u n iv a le n ts  a t  d ia k in e s is  and MI a re  p re sen ted  in  Photographs 
No. 24, 25, 26 and 27 . Again, th e  frequency  o f c e l l s  co n ta in in g  
u n iv a le n ts  observed in  t h i s  c ro ss  i s  s im ila r  to  th a t  p resen ted  i n
107
! I '
P hoto . 25. M etaphase I  i n  th e  F̂ _ p la n t  o f 0 . g lab e rrim a  (Ekasa) 
X 0 . balunga (0 .  p e re n n is  v a r . b a lu n g a) showing 11 
b iv a le n ts  and 2 u n iv a le n ts .
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P noto . 26. Meuaphase I  i n  th e  F j p la n t  o f  0 . g lab errim a  (Ekasa) 
X 0 . balunga (0 .  p e re n n is  v a r .  b a lu n g a) showing 10 
b iv a le n ts  and 4 u n iv a le n ts .
P hoto . 27. Metaphase I  in  th e  Fj_ p la n t  of 0 . g lab errim a  (Ekasa) 
X 0 . balunga (0 . p e ren n is  v a r .  b a lunga) showing 10 
b iv a le n ts  and 4 u n iv a le n ts  w ith  one o f th e  b iv a le n ts  
only  lo o se ly  h e ld . The double arrow  p o in ts  to  th e  
lo o se ly  h e ld  b iv a le n t .
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one o f  th e  com binations in  c ro sses  betw een 0 . s a tiv a  and 0 . g la ­
berrim a (h y b rid  No. 28)*
As shown in  Table I I ,  0 .5  % o f abnorm al c e l l s ,  c o n ta in in g  ;
1-2  lag g in g  chromosomes, were found among 396 PMCs examined a t  ..
AI b u t a l l  o f th e  350 PMCs s tu d ie d  a t  TI appeared to  be norm al. 
Comparing th e se  r e s u l t s  w ith  what were o b ta in ed  in  c ro s s e s  between 
0 . s a t iv a  and 0 . g la b e rr im a .. th e  d i f f e r e n c e s  a re  p ro b ab ly  due to  
com bination e f f e c t .  S ince only  one com bination  was s tu d ie d  fo r  
th e  0 . g lab e rrim a  X 0 . balunga c ro ss , i t  seems th a t  n o t much 
im portance could be a tta c h e d  to  t h i s  in co n sis ten cy *
A very  low p ercen tag e  o f s ta in a b le  p o l le n ,  A.5 and 0 .0  % 
o f seed s e t  were o b ta in ed  from th e  s tu d ie s  o f  th e  f e r t i l i t y  o f 
t h i s  c ro s s . The com plete s t e r i l i t y  shown in  t h i s  h y b rid  resem bles 
th a t  found c o n s is te n t ly  in  th e  p rev ious ty p e  o f c ro ss .
From r e s u l t s  o b ta in ed  in  th e  s tu d ie s  o f t h i s  h y b rid  and th e  
c ro sse s  o f 0. s a tiv a  w ith  0 . balunga and 0 . g la b e rrim a . th e  au th o r 
concludes th a t  0 . g lab e rrim a  i s  a lso  a d i s t i n c t  sp ec ies  from 0 . 
b a lu n g a . This co n c lu sio n  i s  based on th e  extrem e d if fe re n c e s  in  
th e  morphology and growth h a b i t  between 0 . g lab e rrim a  and 0. balunga. 
th e  d i s ta n t  c y to g e n e tic  r e la t io n s h ip  between th e  two a s  shown in  
th e  r e s u l t s  from m eiosis  and f e r t i l i t y  s tu d ie s  o f th e  h y b rid  which 
were s im ila r  to  th o se  o b ta in ed  from th e  h y b r id s  between 0 . s a t iv a  
and. 0 . g lab e rrim a  p lu s  th e  f a c t  th a t  0 . s a t iv a  and 0 . balunga 
proved very  c lo s e ly  r e la te d  to  each o th e r .
The ease o f  making th e  c ro s s  between th e s e  two sp e c ie s  a s  
shown in  th e  h igh  percen tage o f seed s e t  on p o l l in a te d  f l o r e t s
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seems to  be a c h a r a c te r i s t i c ' o f  Q. g la b e rr im a . A"high p ercen tag e  
o f  seed s e t  was always found whenever t h i s  sp e c ie s  was in v o lv ed  
i n  any c ro s s .
(L) C rosses between 0 . g lab errim a  and' 0 . b r e v i l ig u l 'a ta : -
TWo c u l t iv a te d  v a r i e t i e s  o f 0.. g lab e rrim a- (Ekasa and Legheh) ' 
were h y b rid ized  w ith  th e  w ild  A frican  form. 0 . b r e v i l ig u la ta  by 
u s in g  th e  l a t t e r  a s  th e  p o l le n . p a re n t in  both  c ro s s e s .
The p e rce n tag es  o f seed s e t  from p o l l in a te d  f lo r e t s  in  making 
th e  c ro sse s  were 20 .0  and 100 .0  f o r  0 . g lab errim a  (Ekasa) X 0 . b re ­
v i l i g u l a t a  (h y b rid  No. 32) and 0. g lab e rrim a  (Legheh) X 0 . b re v i­
l i g u l a t a  (h y b rid  No. 3 3 ) , r e s p e c t iv e ly .  The mean p e rcen tag e  was
28 .0  because th e  v a lu e  f o r  th e  l a t t e r  com bination (100.0  $ ) was 
based on a  sm alle r number o f f l o r e t s  p o l l in a te d .
In  appearence, th e  F-̂  p la n ts  were v e ry  s im ila r  to  0 , b r e v i l i ­
g u la ta  in  such c h a ra c te rs  a s  th e  open p a n ic le ,  th e  very  long  
s p ik e le ts  w ith  lo n g , rough awns and th e  h a iry  su rface  o f lemma and 
p a le a . The h y b rid s  a ls o  resem bled 0 . b r e v i l ig u la ta  in  re s p e c t  to  
th e  e a r ly  s h a tte r in g  o f s p ik e le ts  and th e  sm all p la n t  ty p e  w ith  
weak straw .
A pproxim ately 300 PMCs a t  d ia k in e s is  and MI were, s tu d ied  
f o r  each c ro ss . The frequency o f rod -shaped  b iv a le n ts  p er c e l l  
were 4 .78 and A.33 and th e  frequency  o f lo o se ly  h e ld  b iv a le n ts  
w ere 0 .79  and 0 .4 0  f o r  h y b rid s  No. 32 and No. 33, r e s p e c t iv e ly .  
These v a lu e s  a re  h ig h e r  than  th o se  o b ta in ed  in  th e  homozygous 
v a r i e t i e s  o f  0 . g lab errim a  o r in  0 . b r e v i l ig u la ta  i t s e l f  b u t no t
I l l
a p p re c ia b ly  h ig h er th a n  what o ccu rred  in  th e  F^ h y b rid s  between 
0 . g lab errim a  v a r i e t i e s .
The p e rcen tag es  o f c e l l s  w ith  u n iv a le n ts  a t  d ia k in e s is  and 
MI were 2.62 ' and 1 ,63  fo r  th e  two h y b r id s , / in d ic a t in g  a h ig h er . 
frequency  o f t h i s  ab n o rm ality  th a n  th a t  found in  th e  homozygous 
v a r i e t i e s  o f 0. g la b e rrim a . Th«se- values a re  a ls o  s l ig h t ly  h ig h e r  
than  what was o b ta in e d  in  th e  0 . b r e v i l ig u la ta  p a re n t .  However, 
they  a re  comparable t o  the  freq u en cy  of c e l l s  vrith u n iv a le n ts  
found in  one of th e  v a r i e t a l  h y b rid  com binations w ith in  0. g la b c r -  
rima (h y b rid  No. 23, 2 .06  %) .  No c e l l s  co n ta in in g  more than two 
u n iv a le n ts  were observed  in  th e s e  two h y b rid s  between 0 . g laberrim a 
and 0 . b r e v i l i g u l a t a .
As in d ic a te d  in  Table I I ,  PMCs s tu d ied  a t  AI and TI were a l l  
found to  be norm al.
The p e rcen tag es  o f  p o llen  s ta in a b le  in  ace to -carm in e  were
84.0  and 7 0 .2  f o r  th e  t\vo c ro s s e s .  The p e rcen tag es  o f  seed s e t 
on the F j p la n ts  of th e s e  h y b rid s  were 52.3 and 5 4 .6 . These 
r e s u l t s  in d ic a te  a m oderate to  h ig h  f e r t i l i t y  o f th e  F^ hybrid  
between th e se  c u l t iv a te d  and w ild  A frican form s.
Based on th e  r e s u l t s  from c y to lo g ic a l and f e r t i l i t y  s tu d ie s , 
i t  i s  concluded by th e  au thor t h a t  0. g lab errim a  and 0 . b re v il ig u ­
l a t a  a re  v e ry  c lo se ly  r e la te d  to  e a c h .o th e r. The cy to g en e tic  r e ­
la t io n s h ip  between th e  two i s  a lm ost as  c lo s e  a s  th a t  found be­
tween v a r i e t i e s  w ith in  0 . g la b e rrim a . On th e  ground o f t h i s  c lo se  
c y to g e n e tic  r e la t io n s h ip ,  th e  a u th o r  ag rees  w ith  th e  op in ion  of 
C heva lie r (1932), which was a l s o  accep ted  by C h a tte r je e  (1951),
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th a t  0 . b r e v i l ig u la ta  was the  p u ta t iv e  a n c e s to r  o f  0 . g la b e rr im a . 
‘D esp ite  th e  very  c lo se  r e la t io n s h ip  between th e se  two form s, how­
e v e r , th e  Author a ls o  ag rees  w ith  th e  c l a s s i f i c a t io n  made by 
R oschevicz (1931), C h ev a lie r (1932) and C h a tte r je e  (1948) th a t  
0.. b r e v i l ig u la ta  should be recogn ized  a s  a s e p a ra te  sp e c ie s  from 
0> g lab errim a  oh th e  b a s is  o f m orpho log ical d i f f e r e n c e s ,  e s p e c ia l ly  
th e  com plete g lab ro u s  co n d itio n  o f lemma and p a lea  vrhich c h a ra c te r ­
i z e s  0 . g lab errim a  in  c o n tra s t  w ith  th e  very  pubescen t co n d itio n  
o f  0 . b r e v i l i g u l a t a .
(M) C rosses betw een 0 , g lab errim a  and 0 . s t a p f i i
0 . s t a p f i i  X 0 . g laberrim a (Legheh) and 0 . g lab errim a  (Ekasa)
X 0 . s t a p f i i  were th e  two c ro sses  in c lu d e d  in  th e  study  o f  t h i s  
type o f h y b rid . No a c tu a l  reco rd s  were taken  fo r  th e  p ercen tag e  
o f f l o r e t s  s e t t in g  seed in  making th e  c ro s s e s .  However, th e  c ro s s e s  
proved easy to  make and th e  Fj_ seed were w e ll developed.
S ince th e  sample o f 0 . s t a p f i i  used in  th e  p re s e n t  re se a rc h e s  
resem bled v a r i e t i e s  o f 0 . g lab errim a  c lo s e ly , as d e sc rib e d  in  th e  
p rev io u s  s e c tio n , no s p e c ia l  f e a tu r e s  were n o ticed  in  th e  morpho­
logy  o f th e  F-̂  p la n ts . .
At MI o f  m e io s is , th e  f re q u e n c ie s  o f rod-shaped b iv a le n ts  p e r  . 
c e l l  were 0.27  and 2 .34  and th e  f re q u e n c ie s  o f lo o se ly  h e ld  b iv a le n ts  
were 0 .2 9  and 0 .1 2  p e r c e l l  f o r  th e  two c ro sse s  s tu d ie d . These 
v a lu e s  a re  comparable and no h ig h e r  th an  th o se  o b ta in ed  from 0 . 
s t a p f i i  i t s e l f  and a ls o  no h ig h e r th an  what were found in  c ro s se s  
between v a r i e t i e s  ^■Jithin 0 . g la b e rr im a .
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No c e l l s  co n ta in in g  u n iv a le n ts  were found a t  d ia k in e s is  and 
MI among a t o t a l  o f  more th an  600 PMCs examined fo r  th e  two c ro s s e s .
.. As shown in  Table I I ,  a l l  PMCs examined a t  AI and TI were a ls o  
found to  be norm al.
The p e rcen tag es  o f p o lle n  s ta in a b le  in  a c e to -c a rn in e  were 99 .8  
and 94.2 f o r 't h e  p la n ts  o f  th e  c ro sse s , in d ic a tin g  complete 
f e r t i l i t y .  Seed s e t  d a ta  was only taken fo r  one of th e  c ro sse s  
(h y b rid  No. 3 5 ). I t  was 83 .9  %•
Based on th e  s i m l a r i t y  in  morphology o f th e  two form s, th e  
homology o f chromosomes shown in  t h e i r  behavior during  m eiosis  
and th e  complete f e r t i l i t y  observed in  th e  p la n ts ,  th e  au tho r 
concludes th a t  th e se  two forms a re  very c lo se ly  r e la te d  to  each 
o th e r .  The au th o r i s  a ls o  in c lin e d  to  agree w ith  C h ev a lie r (1932) 
in  th e  opin ion  th a t  0 . s t a p f i i  should be considered  as  a v a r ie ty  
o f  0 . g laberrim a on the  grounds o f th e  extrem ely c lo se  cy to g en e tic  
r e la t io n s h ip  o b ta in ed  from th e  p re se n t s tu d ie s  and th e  f a c t  th a t  
0 . s t a p f i i  looked more l ik e  a c u l t iv a te d  form th an  a w ild ty p e , 
which was a lso  p o in ted  out by C h ev a lie r (1932). However, only 
one c o l le c t io n  of 0 . s t a p f i i  was a v a ila b le  fo r  th e  p re se n t study 
and the  a u th o r  does not. f e e l  th a t  the  r e s u l t s ,  consequently , a re  
s u f f i c i e n t ly  ex ten s iv e  to  perm it a r e l ia b le  d e c is io n  on th e  q u es tio n  
o f w hether 0 . s t a p f i i  should be recognised  as  a d i s t i n c t  sp e c ie s .
(N) C rosses between 0 . s a tiv a  and 0 . b r e v i l ig u la ta
Three v a r i e t i e s  of th e  c u l t iv a te d  r ic e  0 . s a tiv a  (im pr.B lue 
Rose, Colusa and C airose) were hyb rid ized  w ith  C. b r e v i l ig u la ta
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by u s in g  th e  l a t t e r  a s  seed p a re n t .
' ;'::Th0 . pereeritatge ■bl'..pollinated f l o r e t s  s e t t in g  seed ranged from 
4 8 .8  to  60 .9  w ith  a mean of 52 .8  %.  Thus, th e  c ro sse s  proved easy 
to/m ake' and: t h e 1 :E]_"seed were /developed .noTma-H-y.'.' ■ -
In  g en era l'm o rp h o lo g y  of- th e  p la n ts , , ,  th e . shape, and le n g th  
o f  l i g u l e ,  th e  le n g th  o f  'spikelet^y-and^ytlfe len g th  o f 'aim's were' 
in te rm e d ia te  between th e  two p a r e n t s . . The purp le  stigm a c o lo r  o f 
0 . b r e v i l ig u la t a  ap p eared  to  be dom inant. The s tro n g  annual h a b it 
o f  t h i s  w ild  A fric a n  form was a ls o  shown in  th e  p la n t s .  The 
empty s p ik e le ts  o f  th e  F j  p la n t  s h a t te r e d  b u t th e  s h a t te r in g  was 
n o t a s  pronounced a s  i n  0 . b r e v i l i g u l a t a .
More th a n  400 PMCs o f each c ro ss  were examined f o r  th e  study
o f  d ia k in e s is  and MI. The frequency  o f  rodr-shaped b iv a le n ts  p er 
c e l l  ranged from 1 .4 9  to  2.75 and th e  frequency  of lo o s e ly  held  
b iv a le n ts  v a r ie d  from  0 .7 6  to  2 .33  P®r c e l l  among th e  th re e  crosses*  
These v a lu e s  a re  s im i la r  and p e rh ap s  s l ig h t ly  low er th an  th e  over­
a l l  f re q u e n c ie s  o f such c o n d itio n s  o f th e  p a ir in g  o f chromosomes an 
th e  c ro sse s  betw een 0 . s a t iv a  and 0 . g la b e rr im a .
The p e rce n ta g e  o f  c e lls , w ith : u n iv a le n ts  ranged from 6 .8 5 . to
■55*4 ’am° h g t h e  th re d  .c ro s se s . . C e l ls  containd.ng two; - fo u r  .and six- 
u n iv a le n ts /e a c h  were found in  h y b rid  No, 36 , :which h a d /th e  lowiesst: 
frequency  o f  c e l l s  ivdth u n iv a le n ts .  In  h y b rid s  No. 37 and No. 38, 
a la rg e  p ro p o rtio n  o f  such abnorm al c e l l s  were found to  have two, 
fo u r  o r 24 u n iv a le n ts  each* The c o n s is te n t  occurrence o f  v a r io u s  - 
numbers o f  u n iv a le n ts  du ring  d ia k in e s is  and MI a lso  resem bled what 
was observed  in  th e  Fq_ p la n ts  o f  0 . s a t iv a  X 0 . g lab errim a  and
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in d ic a te  th e  lack  o f homology o f th e  chromosomes from th e  two 
p a re n ta l  form s, 0 . s a t iv a  and 0. b r e v i l i g u l a t a . Photom icrographs 
showing u n p a ired  reg io n s  o f  chromosomes a t  pachytene s ta g e  and a 
c e l l  c o n ta in in g  e ig h t b iv a le n ts  and e ig h t u n iv a le n ts  a t  MI a re
2.1 .. Again, th e  n a tu re  o f a b n o rm a litie s  found a t  AI and -TI in  
t h i s  type o f hybrid , resem ble th o se  observed in  th e  0 . .sa tiv a  X .
0 . g laberrim a F^ p la n ts  and th e  f re q u e n c ie s  o f  such abnormal c e l l s
A percen tage  o f 1 .07  fo r  abnorm al q u a r te ts  were found in  hyb rid  
No. 37.
from 0 ,4  to  5 1 .9 . : However, i t  was n o ticed  th a t  p o llen  g r a in s 'in  
th e  c ro ss  \itith th e  h ig h e r p e rcen tag e  o f s ta in a b le  p o llen  (h y b rid  
Noi 38) were n o t w e ll developed and were on ly  s l ig h t ly  s ta in e d  i n  
a ce to -ca rm in e . The percen tage o f seed s e t  on th e  p la n ts  v a r ie d  
from 0 .0  to  0 .0 5 , in d ic a t in g  v i r t u a l l y  com plete s t e r i l i t y  in  th e  F^ 
o f  t h i s  ty p e  of h y b rid .
p re sen ted  i n  P hotos. 28 and 2 9 /;
o f abnormal c e l l s  a t
th re e ; - c r o s s e s . ' The .a b n o rm a litie s
As- shown in -T a b le ;-I ly  .the p ercen tage-^)!abnor  •. • ••
. . AI ‘v a r ie d  from .5.0. to  1 0 .4  in  th e  :tljir.ee lc'i!q‘s'sesf, \ a
in c lu d ed  th e  o c c u rre n c e .o f  la g g a rd s , b r id g e  p lu s  fragm ent, unequal 
d is ju n c t io n  and o th e r s .  Photom icrographs re p re se n tin g  an AI c e l l  
co n ta in in g  unequal d is ju n c tio n  (10 + 14) and a l a t e  AI c e l l  having 
a bridge, p lu s  fragm ent a r e  shown in  P ho tos. '30 and 31. The p e r­
centage o f c e l l s  w ith  a b n o rm a lit ie s  fpund a t  TI ranged from  1 .6  to
found a t  AI and TI a re  a ls o  s im ila r  to  what was o b ta in ed  i n  c e r ta in
c ro sse s  o f th e  l a t t e r  type  hybrid
The p e rcen tag e 'io f  .s ta in a b le  p o lle n  in  th e se  c ro sses  ranged
Photo. .28. Pachytene in  th e  p la n t o f ,0. b r e v i l ig u la ta  X
0 , s a tiv a  (Im pr.B lue Rose)' showing u n p a ired  reg ions, 
in  s e v e ra l o f th e  b iv a le n ts ;
Photo.
* -i ' . ' , . ■ " ■ '**
: - ^
' *  •*  ■’ ■ { ’ • ' ^  ' 
v V
■ ' W . '  p. . i - ■ • ■ »
> » ^  - * y
v $ v  v . ■ ’ ' ■ / .  ,
.  .  -  V . !  ■ ■:
?. Metaphase I  in - th e  F]_ p la n t  of 0 . b r e v i l ig u la ta  X 
0 . s a tiv a  (Im pr.B lue Rose) showing 8 b iv a le n ts  and 
8 u n i'v a len t s.
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P h o to . 30.* Anaphase.■ I ' i n " - t h e . v j j i i r i t  o f 0 . b r e v i l ig u la ta  X
0 . s a tiv a  (Im priB lue Rose) showLirtg^xmequ4:13^ 's jim c tio n -J 
w ith  10 chromosomes moving to  one/po le  and' I'4 raovirig 




* "i.-♦  V
P h o to . 31 . L ate an a p h a se 'I  in  th e  Fj_ p la n t  o f  0 . b r e v i l ig u la ta  
X 2* sa^ lva (Im pr.B lue Rose) showing b rid g e  and f r a g ­
m ent.
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I t  i s  concluded by th e  a u th o r , from th e  f in d in g s  in  th e  
c y to g e n e tic  s tu d ie s  o f  th e  h y b rid s  and th e  d i s t i n c t  m orpho log ica l 
d if f e r e n c e s  betw een th e  two p a r e n ta l  form s, t h a t  0 . b̂ r e v i l i g u l a t a  
i s  c e r ta in ly  a s e p a ra te  sp e c ie s  from 0 .■ s a t iv a  and th e  d i s t a n t  
r e la t io n s h ip  betw een th e  two i s  s im i la r  to  t h a t  found betw een .
0 . g lab e rrim a  and 0 . s a t i v a .
The s im i la r i ty  in . the. r .e .su lts  o b ta in ed  from c y to lo g ic a l  and 
f e r t i l i t y  s tu d ie s  o f t h i s  type o f  h y b rid s  w ith  th o se  found in  th e  
c ro s s e s  o f 0 . s a t iv a  X. 0 . .  g lab e rrim a  a ls o  confirm s ind:> r e c t ly  th e  
c o n c lu s io n  made p re v io u s ly  t h a t  0 . b r e v i l ig u la ta  i s  v e ry  c lo s e ly  
r e l a t e d  to  0 . g la b e r r im a .
(0 ) C rosses betw een 0 . s a tiv a  and 0 . s t a p f i i
Two c u l t iv a te d  v a r i e t i e s  o f 0 . s a t iv a  (F o rtu n a  and Z i r i )  were 
h y b rid iz e d  w ith  0 . s t a p f i i .  u s in g  th e  l a t t e r  a s  th e  male p a r e n t .
The p e rc en ta g e s  o f p o l l in a te d  f l o r e t s  s e t t in g  seed'w hen making 
th e  c ro s s e s  w ere 35*2 and 4 6 .4  f o r  th e  two c ro sse s  (h y b rid s  No.
39 and No. 40) w ith  a mean o f 42 ,1  %.  Fj_ seed xvere x-Jell d ev e lo p ed .
In  morphology o f th e  F-̂  p la n t s ,  c h a ra c te r s  such a s  le n g th  
and shape o f th e  l i g u l e  and le n g th  o f th e  s p ik e le t 's  were i n t e r ­
m ed iate  betw een th e  two p a re n ts  b u t th e  h a i r in e s s  o f  th e  le a v e s ,  
and o f th e  lemma and p a lea  resem bled 0 . s t a p f i i . And, a p p a re n tly  
due to  some k in d  o f  gene in te r a c t io n ,  th e  awn le n g th  in  th e  F-̂  
h y b rid s  exceeded t h a t  o f  b o th  p a re n ta l  fo rm s. As was t r u e  i n  a l l  
o th e r  c ro s s e s  d isc u s se d , th e  p u rp le  c o lo r  o f stigm a appeared  to  
be dom inant. No s h a t te r in g  o f th e  empty s p ik e le ts  was observed
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in  th e  Fj_ p la n ts .
R esu lts  from c y to lo g ic a l  s tu d ie s  o f d ia k in e s is  and MI showed 
t h a t  the  fre q u e n c ie s  o f  rod-shaped b iv a le n ts  p e r  c e l l  were 4 . 3 # 
and 3 .02  and th e  freq u en c ie s  o f lo o s e ly  held  b iv a le n ts  were 1 .2 1  
and 3.33  p e r  c e l l  fo r  th e  two c ro s s e s , r e s p e c t iv e ly .
The p e rcen tag e  of c e l l s  co n ta in in g  u n iv a le n ts  a t  d ia k in e s is  
and MI were 29 .30  and 40.68 f o r  th e  two c ro s s e s . ; ■ As i n d i c a t e d 'i n '■' 
Table I ,  a la r g e  p ro p o rtio n  o f  such c e l l s  were found, to  have-tw o 
o r  fo u r u n iv a le n ts  each in  both  h y b rid s . In  a d d itio n  to  t h i s  
k ind  of ev idence showing th e  la c k  .of homology, between th e  chromo­
somes from th e  two p a re n ts ,  • one c e l l  w ith  a q u a rd r iv a le n t ( r in g  
6f  4 ) p lu s  10 b iv a le n ts  was found in  one o f th e  c ro sse s  (h y b rid  
No. 3 9 ) , which in d ic a te s  th e  heterozygous co n d itio n  o f a r e c ip ro ­
c a l t r a n s lo c a t io n  in v o lv in g  two non-homologous chromosomes.
C e lls  w ith  a b n o rm a litie s  a t  AI were observed in  both  c ro s s e s .  
The p e rcen tag es  o f such c e l l s  were 2 .3  a n d  1 ,4  fo r  h y b rid s  No. 39 
and No. 40, r e s p e c t iv e ly ,  fh e a b n o  m a l l  t ie s - in v o lv e d  th e  occur­
rence o f la g g a rd s  a s  w e ll  a s  unequal d is ju n c t io n .  No abnorm al '• 
c e l l s  were found a t  TI in  hyb rid  No. 3 9 . However, a low p e r­
centage (0 . 7 ) o f  c e l l s  w ith  a b n o rm a litie s  was observed in  h y b rid  
No. 40. These were la g g in g  chromosomes undergoing equati-onal 
d iv is io n .
The p e rcen tag es  o f s ta in a b le  p o lle n  in  th e se  two c ro sse s  
were 0 .45  and 0 . 0 , and no seed was s e t  on th e  p la n ts  o f  e i th e r  
c ro s s . T h is in d ic a te s  com plete s t e r i l i t y  o f th e  h y b rid s  between 
0 . s a t iv a  and 0 . s t a p f i i .
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Based on r e s u l t s  from th e  c y to g e n e tic  s tu d ie s  o f  t h i s  ty p e  
o f  h y b r id , th e  a u th o r  concludes t h a t  0 . s t a p f i i  i s  a d i s t i n c t  
sp e c ie s  from  0 . s a t iv a  and th e  r e la t io n s h ip  between th e  two i s  
s im ila r  to  w hat was found between 0 . s a t iv a  and th e  o th e r  two 
A fric a n  fo rm s, 0 . g lab e rrim a  and 0 . b r e v i l i g u l a t a . th a t ,  i s ,  0 . 
s a t iv a  and 0 . s t a p f i i  are, d i s t a n t ly  r e la te d  sp e c ie s  o f  th e  genus 
v O ryza. ‘ 1
(P ) C ross betw een C. s a tiv a  and G. o f f i c i n a l i s  
. .. . The o n ly  h y b r id  o f t h i s  ty p e  in c lu d ed -iin  th e  s tu d ie s  was 
th e  c ro s s  made betw een th e  c u l t iv a te d ' v a r ie ty ,  Z i r i ,  o f  0 . s a t i v a ' 
and th e  w ild  form  0., o f f i c i n a l i s . The l a t t e r  was employed a s  th e  . 
m ale p a re n t .
. S e v e ra l c u l t i v a t e d  v a r i e t i e s  o f  0 . s a tiv a  i n  a d d i t io n  to  Z i r i  
were a ls o  used , a s  seed  p a ren t i n  a tte m p ts  to  make t h i s  ty p e  o f  . 
c ro s s ,  b u t none o f th e  com binations was s u c c e ss fu l excep t th e  one 
w ith  Z i r i .  The' o v e ra l l ' p e rcen tag e  o f  p o l l in a te d  f l o r e t s  which 
■ se t..s e e d  was 10..;9. (The p ercen tag e  o f  seed s e t  when c ro ssed  w ith  ; 
Z i r i  was 2 1 .7 ) * However, th e  ■ Fq_ seed ; were p o o rly  developed :and . 
o n ly  f iv e  'seed®, were----germinablei'^mFour, o f  th e  F^ se e d lin g s  d ie d  . 
w h ile  sm all and on ly  one of th e  f iv e  seeds produced an F^ p l a n t .  
A lthough th e ' p e rcen tag e  o f  seed s e t  from  p o l l in a te d  f l o r e t s  was 
n o t ex trem ely  low , t h i s  type o f  c ro ss  proved q u ite  d i f f i c u l t  to  
make due t o  th e  f a c t  t h a t  polJdn  produced on th e  0 . o f f i c i n a l i s  
p la n t s  was s c a rc e  and a  la rg e  p o r tio n  o f  th e  p o lle n  g ra in s  w ere 
a b o r te d . The p e rc e n ta g e  of s ta in a b le  p o lle n  in  0 . o f f i c i n a l i s
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i t s e l f  was 3 1 .0  a s  in d ic a te d  in  T ab le  I I .  The p r in c ip a l  d i f ­
f i c u l t y  encoun tered , however, was d e a th  o f SO p e rc e n t  o f th e  F-̂  
p l a n t s  in  th e  se e d lin g  s ta g e .
In  g e n e ra l morphology1 and grow th h a b i t ,  th e  Fp p la n t  resem bled 
th e  0.- o f f i c i n a l i s  pa r e n t  very  c lo s e ly  i n  alm ost ev ery  r e s p e c t .  
However, i t  was v e ry  slow in  developm ent in  th e  e a r ly  s tag e s  and 
th e  new le a v e s  were d e f i c i e n t  in  c h lo ro p h y ll d u r in g  th e  f i r s t  few 
days a f t e r  emergence from th e  n ex t low er l e a f  sh e a th .
A lthough s e v e ra l  young p a n ic le s  w ere c o l le c te d  and f ix e d  f o r  
th e  c y tc lc g ic a l  s tu d ie s  o f r .ie lp s is , PMC s u ita b le  f o r  th e  re se a rc h  .
, were' very  s c a n ty . Of th e  14 PMCs examined a t  d ia k in e s i s  and MI, 
none o f  them was found to  be: norm alV ': V arious num bers o f chrom atin  
hodies.;.ranged from 24 to  69 in  d i f f e r e n t  c e l l s .  C e l ls  w ith  24 
. b o d ie s , e v M e n tly  c o n ta in ed  l2  b iv a le n ts  and 12 u n iv a le n ts  (P h o to . 
3 2 ) .
At AI, o n ly  th r e e  PMCs.were a v a i la b le  fo r  th e  s tu d y . These
c e l l s  were found to  be (.1 ) a c e l l  c o n ta in in g  12 and 11 chromosomes 
1 * 
a t  th e  two p o le s  and 13 chromosomes rem aining  betw een th e  p o le s
undergoing  d iv is io n  (P h o to . 3 3 ) , (2) a c e l l  co n ta in in g  12 Chromo­
somes a t  each p o le  and 12 rem aining i n  th e  m iddle and (3 ) a c e l l  
c o n ta in in g  36  chromosomes w ith  some o f  them a lre a d y  u n d erg o rin g  
e q u a tio n a l d iv is io n  (P h o to . 3 4 ) .
Because o f th e  abnorm al numbers o f  chromosomes observed  a t  
d ia k in e s is ,  MI and AI, th e  a u th o r  su sp ec ted  th a t  some k ind  o f 
p o ly p lo id y  m ust have happened during  th e  h y b r id iz a tio n  o r th e  
developm ent o f  th e  h y b rid  embryo and an a tte m p t was made to  check
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th e  som atic chromosome number o f th e  p la n t  from ro o t t i p s .  
R esu lts  proved th a t  t h i s  F]_ h y b rid  was a t r i p l o i d  w ith  2n = 36 
chromosomes (P hoto . 3 5 ) . S ince  c y to lo g ic a l  m a te r ia l  was not 
a v a i la b le  f o r  f u r th e r  study o f m e io s is , th e  c o n s t i tu t io n  and 
o r ig in  o f  th e  36 chromosomes i n  t h i s  t r i p l o i d  i s  - s t i l l  ho t 'c le a r *  
R e s u l ts  from s tu d ie s  o f  p o lle n  s t a i n a b i l i t y  and p ercen t seed 
se t in d ic a te  th a t  t h i s  h y b rid  i s  com pletely  s t e r i l e  a s  expected 
from th e  c y to lo g ic a l  s tu d ie s .
Based on th e  d i s t i n c t  m orpholog ical d iffe re n c e s 'b e tw e e n  
th e  two p a r e n ta l  f o m s , 'th e .  d i f f i c u l t y  encountered  in  making 
th e  c ro s s , th e  t r i p l o i d  c o n d itio n  r e s u l t in g  from th e  h y b n d i-  
■ za tio n ,. th e  d is tu rb e d  chromo.some b eh av io r during  m e io s is  and1 th e ' 
com plete s t e r i l i t y  shown in-- e a u th o r  f e e l s  th e re  i s
no doubt t h a t  0 . o f f i c i n a l i s  i s  a  d is t ln C t sp e c ie s  from 0 s a t iv a  
and th e  c y to g e n e tic  re la tionsh ip ibe tw eesn  th e  two i s  q u ite  d i s t a n t .
Photo. 32 . Ketaphase I  in  th e  p la n t o f  0 . s a tiv a  ( Z i r i )  X
Q_* o f f i c i n a l i s  shewing 12 b iv a le n ts  and 12 u n iv a le n ts .
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P hoto . 33* Anaphase I  i n  th e  F j p la n t o f  0 . s a tiv a  ( Z i r i )  X 
0 . o f f i c i n a l i s  showing 12 chromosomes a t  one pole 
and 11 a t  th e  o th e r  and 13 chromosomes on th e  equa­
t o r i a l  p la te  undergoing d iv is io n  c h a r a c te r is t i c  o f  
m eio sis  I I .
Photo.. 34 . Anaphase I  in  the  Ft p la n t  o f  0 .  sa tiv a  ( Z i r i )  X
0 . o f f i e i n a l i s  showing a l l  th e  chromosomes under­
going d iv is io n  c h a r a c t e r i s t i c  o f  m eiosis  I I .
Photo . 35 . L a te  prophase o f m ito s is  i n  som atic  c e l l  o f th e
p la n t  o f 0 . s a tiv a  ( Z i r i )  X 0 . o f f i c i n a l i s  showing 
36 chromosomes.
DISCUSSION
I .  R ecogn ition  of S pecies in  Oryza
As summarised and d iscu ssed  by Dobzhansky (1941, 1951) and 
S teb b in s  (1950), a f t e r  very  e x te n s iv e  review  o f  s tu d ie s  connected  
w ith  th e  o r ig in  o f  sp ec ie s , th e  ty p e s  o f mechanisms which i s o l a t e ' 
sp ec ie s  f a l l  in to  two main c a ta g o r ie s ,  nam ely, g eo g rap h ica l o r  
s p a t i a l  i s o l a t i o n  and re p ro d u c tiv e  o r p h y s io lo g ic a l i s o l a t i o n ,  ■
The second .catogdry  c o n s is ts  o f  (1 ) b a r r i e r s  between th e  p a re n ta l  
sp e c ie s  which in c lu d e  e c o lo g ic a l ,  tem poral and seaso n a l, m echani-. 
c a l  i s o l a t i o n s  and th e  p re v e n tio n  o f f e r t i l i z a t i o n ;  ( 2 ) b a r r i e r s  
in  th e  h y b rid s  which in c lu d e  hybrid  i n v i a b i l i t y  o r  w eakness, 
f a i l u r e  o f flow ering  in  th e  h y b rid s , h y b rid  s t e r i l i t y  (g en ic ,an d  
chromosomal) and i n v i a b i l i t y  and w eakness of . F2 and l a t e r  seg re­
g a te s .
Thus, based on th e se  p r in c ip a l  i s o la t in g  mechanisms e s ta b l i s h ­
ed i n  th e  o r ig in a t io n  o f sp e c ie s , th e  g e n e ra l c r i t e r i a  commonly 
used a s  bases  in  re c o g n itio n  of sp ec ie s  i n  p la n ts  c o n s is t  o f  ( l )  
th e  m orpholog ical c h a r a c te r i s t i c s  o f  c l a s s i c a l  taxonomy, ( 2 ) geo­
g ra p h ic a l d i s t r ib u t io n ,  (3 ) c r o s s a b i l i ty ,  ( 4 ) F]_ h y b rid  v i a b i l i t y ,  
( 5) chromosome number, ( 6) chromosome b eh av io r during  m e io sis  in  
**1 ,  (7 ) h y b rid  f e r t i l i t y  and ( 8 )  i n v i a b i l i t y  and weakness o r  ab­
normal se g re g a tio n  in  Fp o r l a t e r  g e n e ra tio n s .
E a r l i e r  c l a s s i f i c a t io n s  o f sp ec ie s  were based alm ost e n t i r e ly  
on d if f e r e n c e s  in  m orphological c h a ra c te r s ,  p a r t ic u la r ly  t r a i t s  o f
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th e  re p ro d u c tiv e  o rg an s, and d if fe re n c e s  i n  g eo g rap h ica l d i s t r i ­
b u t io n .  In  re c e n t y e a r s ,  d a ta  on th e  l a s t  s ix  c r i t e r i a  o f  t h i s  
l i s t ,  which f o r  convenience may be d e sc rib e d  a s  c y to g e n e tic  c r i ­
t e r i a ,  have been used to  supplem ent th e  m o rp h o lo g ica l c h a ra c te r s  
and  g eo g ra p h ic a l d i s t r i b u t io n  o f  c la s s i c a l  taxonomy. Such in ­
fo rm a tio n  a s  w hether two form s i n  q u es tio n  can be c ro ssed  r e a d i ly ,  
w ith  d i f f i c u l t y  o r ,n o t  a t  a l l ;  w hether th e  form s have th e  same o r  
d i f f e r e n t  chromosome number; w hether chromosome b e h a v io r  du ring  
m e io s is  in  th e  F̂ _ i s  r e g u la r  o r  i r r e g u la r ;  w hether th e  h y b rid  is- 
co m p le te ly  f e r t i l e ,  p a r t i a l l y f e r t i l e  o r s t e r i l e ;  and w hether 
w eak-or abnorm al s e g re g a te s  occur in  Fg o r  l a t e r  g e n e ra t io n s ,  i s  
.g iv en  weight: along w ith  m orphological d if f e r e n c e s  in  d ec id in g  
w h e th e r th e  form s should  be recogn ized  a s  beingiiiem b.ers o f  th e  
same s p e c ie s  o r  d i f f e r e n t  sp e c ie s .
In  some cases  two sp c e ie s  may d iffe r- .,In  re s p e c t  t o  a l l  o f 
th e  c r i t e r i a  l i s t e d  in  th e  •pr.evious'Jparag^phi--. However, i t  i s  
n o t  n e c e ssa ry  t h a t  two forms d i f f e r  in  a l l  o f  th e se  c l i t e r i a  f o r  
th em -to -b e  p laced  in  se p a ra te  s p e c ie s . As a p p lie d  in  th e  genus • .
Go'ssypium, a d if f e re n c e  betw een two forms i n  any one o f  th e  c y to ­
g e n e tic  c r i t e r i a  i s  co n sid e red  s u f f ic ie n t  to  p la c e  th e  form s in  
s e p a ra te  s p e c ie s .  Even in  c l a s s i f i c a t io n  o f  Gossypium, however, 
due w eigh t i s  g iv en  to  m orpho log ical d i f f e r e n c e s  and g e o g ra p h ic a l 
d i s t r i b u t i o n  i n  re c o g n it io n  o f sp e c ie s .
As in d ic a te d  in  th e  'R e s u l t s ' s e c tio n , th e  a u th o r  o b ta in ed  
c y to g e n e tic  ev idence concern ing  r e la t io n s h ip s  among form s in  
O ryza and a ttem p ted  to  use  t h i s  in fo rm a tio n  i n  e v a lu a tin g  the
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p r in c ip a l  e a r l i e r  c l a s s i f i c a t io n s  o f th e  genus, which were based  
l a r g e ly  on m orphological c h a r a c t e r i s t i c s .  However, some o f th e  
c y to g e n e tic  c r i t e r i a  l i s t e d  e a r l i e r  d id  n o t appear to  be a p p l i ­
cab le  in  th e  c l a s s i f i c a t io n  o f Oryza. One such c r i t e r i o n  was 
c r o s s a b i l i ty  o f th e  v a r io u s  form s. R e s u lts  o b ta in ed  in  th e  p re ­
sen t s tu d ie s  and th o se  re p o rte d  in  th e  l i t e r a t u r e  in d ic a te  t h a t  
th e  ease  o f c ro ss in g  forms in  Oryza i s  n o t a s u i ta b le  c r i t e r i o n  
f o r  d is t in g u is h in g  sp ec ie s  because  v i r t u a l l y  a l l  sp e c ie s  in  t h i s  
genus can be h y b rid ize d  r e a d i ly ,  except i n  a few c a se s  such a s  
0 . p e re n n is  v a r . b a r t h i i  in  which th e re  a re  d e fe c ts  in  sexual 
rep ro d u c tio n  o f th e  form s. ;
th e  p re se n t,  s tu d ie s  on ly  d ip lo id  forms o f  Oryza were 
in c lu d e d . For t h i s  reason , a l l  forms c o n ta in  th e  same chromo­
some number and t h i s  c r i te r io n , ,  co n se (jien tly , does n o t app ly . 
Furtherm ore , the a u th o r  d id  n o t fo llo w ' th e  h y b rid  m a te r ia l  ,
:■beyond, th e  Fq g e n e ra tio n  ahd, a s  a r e s u l t ,  the  c r i t e r i o n  in ­
vo lv in g  seg reg a tio n  in  F’2 o r  l a t e r  g e n e ra tio n s  cou ld  n o t be u se d .
Although f e r t i l i t y  o f th e  was used  a s  a prim ary c r i t e r io n  
in  th e  s tu d ie s ,  i t  was n ecessa ry  to .m o d ify  a p p l ic a t io n  of t h i s  
ev idence fo r  reco g n iz in g  sp e c ie s  in  O ryza. Normally a l l  forms 
w ith in  a sp ec ie s  produce com pletely  f e r t i l e  Fj_ h y b rid s  and th e  
o ccu rrence  of any s ig n i f i c a n t  degree o f s t e r i l i t y  i n  F^ i s  ta k e n  
as ev idence th a t  th e  form s invo lved  shou ld  be recogn ized  as  sepa­
r a te  s p e c ie s . However, Oryza i s  unusual in  th a t  m oderate to  high 
deg rees o f s t e r i l i t y  occur commonly in  h y b rid s  between some c u l t i ­
v a ted  v a r i e t i e s  o f th e  same sp e c ie s  0 . s a t iv a . As a  consequence,
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th e  occu rrence  in  F-̂  from c ro sse s  in v o lv in g  p o te n t ia l ly  d i f ­
f e r e n t  sp e c ie s  o f a m oderate degree o f  s t e r i l i t y  could n o t be 
used  a s  ev idence th a t  th e s e  forms d id  re p re se n t s e p a ra te  sp ec ie s . 
Only when th e  one o r  more c ro sse s  betw een two form s were com­
p le te ly  o r  alm ost com pletely  s t e r i l e  w ere th e  f e r t i l i t y  d a ta  
co n sid e red  a s  p ro v id in g  evidence th a t  th e  forms c o n s ti tu te d  
se p a ra te  sp e c ie s . I f  th e  degree o f s t e r i l i t y  i n  F-̂  was s im ila r  
to  th a t  found among i n t e r v a r i e t a l  h y b rid s  o f 0 . s a t iv a . th e  
a u th o r  d id  not co n s id e r  t h i s  a s  ev idence th a t  th e  p a r e n ta l  forms 
re p re s e n te d  se p a ra te  s p e c ie s .
P rim ary c r i t e r i a  u sed  by th e  a u th o r  a s  b ases  fo r  d is t in g u is h ­
in g  sp e c ie s  o f Oryza were (1 ) d if f e r e n c e s  in  morphology and in  
g e o g ra p h ica l d i s t r i b u t io n ,  (2 ) abnorm al development o r i n v i a b i l i t y  
o f  th e  Fp h y b rid , (3 ) abnormal chromosome b eh av io r du ring  m eio sis  
i n  th e  F^, and ( 4 ) com plete s t e r i l i t y  o f  th e  F^ a s  d iscu ssed  above.
C e rta in  o f  th e  r e s u l t s  can be c i te d  to  i l l u s t r a t e  th e  n a tu re  
o f  r e la t io n s h ip s  found in  th e  s tu d y  and how th e  in fo rm atio n  ob­
ta in e d  was a p p lie d . As in d ic a te d  in  th e  'R e s u l t s ',  th e  w ild  
forms d e s ig n a te d  0 . s a t iv a  v a r .  fa tu a  and 0 . s a tiv a  v a r .  formo- 
sana d id  n o t d i f f e r  from 0 . s a tiv a  in  any o f th e  c y to g e n e tic  
c r i t e r i a  and had th e  same geographic d i s t r ib u t io n  a s  t h i s  sp e c ie s . 
S ince th e se  two w ild  forms d i f f e r e d  from 0 . s a t iv a  only in  m inor 
m orpholog ical c h a ra c te r s ,  th ey  were considered  to  be b o ta n ic a l  
v a r i e t i e s  o f 0 . s a t iv a  r a th e r  th a n  d i s t i n c t  s p e c ie s .
The case o f 0 . s a tiv a  v a r .  formosana was somewhat u n c e r ta in .  
Because o f  i t s  p e re n n ia l n a tu re  and v ery  c lo se  c y to g en e tic  r e l a t i o n -
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sh ip , t h i s  form m ight a ls o  be c o n s id e re d  a b o ta n ic a l  v a r ie ty  o f  
0 . ba lunga. The d e c is io n  to  p la c e  i t  in  0 . s a t iv a  was based on 
th e  c lo se r  m orp h o lo g ica l s im i l a r i t y  which i t  showed to  t h a t  
s p e c ie s .
Although th e  c y to g e n e tic  r e la t io n s h ip  between 0 . s a t iv a  
and th e  w ild  p e re n n ia l  form found i n  In d ia  and d e s ig n a te d  0 . 
p e re n n is  v a r .  balunga by Sampath & Govindaswami (1958) and 
0 , balunga i n  th e  p re se n t s tu d ie s  was s u f f i c i e n t ly  c lo se  to  
j u s t i f y  p la c in g  th e se  form s in  th e  same sp e c ie s  and th e  geo­
g rap h ic  d i s t r i b u t io n  i s  s im i la r ,  th e  a u th o r  f e e l s  th a t  th e  
d i s t i n c t  d i f f e r e n c e s  shown in  morphology and grow th h a b it  o f 
th e s e  forms a r e  s u f f i c i e n t  to  w a rra n t a s e p a ra te  s p e c ie s ' s ta tu s  
f o r  th e  w ild  p e re n n ia l  ty p e . Thus, t h i s  example i l l u s t r a t e s  th e  
c o n v en tio n a l s e p a ra t io n  o f sp e c ie s  on th e  b a s is  o f prom inent d i f ­
fe re n c e s  in  morphology and growth h a b i t  even though th e  c y to ­
g e n e tic  d a ta  in d ic a te -  an  extrem ely  c lo se  r e la t io n s h ip  betw een 
th e  two forms concerned . R eco g n itio n  o f  s e p a ra te  s p e c ie s ' s t a t u s  
f o r  0 . g lab e rrim a  and 0 . b r e v i l ig u la t a  i s  based  on th e  same ty p e  
o f  ev idence.
The r e la t io n s h ip  between 0 . s a t iv a  and 0 . p e re n n is  i s  some­
w hat d i f f e r e n t  from th e  above. H ere, i n  a d d it io n  t o  th e  d i s t i n c t  
d i f f e r e n c e s  i n  m orphology and grow th h a b i t ,  F-̂  h y b r id s  o f a l l  com­
b in a t io n s  in v o lv in g  th e se  two form s were com ple te ly  o r  alm ost com­
p le t e ly  s t e r i l e .  A lthough th e  e s s e n t i a l ly  r e g u la r  chromosome be­
h a v io r  during  ra e io s is  in  th e s e  h y b rid s  in d ic a te s  a c lo se  r e l a t i o n ­
sh ip  between th e  two form s, i t  i s  f e l t  t h a t  th e  high s t e r i l i t y
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found in  a l l  h y b rid  com binations in d ic a te s  a rep ro d u c tiv e  b a r r i e r  
between th e se  sp e c ie s  p ro v id in g  evidence t h a t  th e y , 0 . s a tiv a  and 
0 . p e ren n is . n o t on ly  should be recognized a s  se p a ra te  sp e c ie s  
b u t a re  l e s s  c lo s e ly  r e la te d  th a n  a re  0 . s a t iv a  and 0 . b a lu n g a .
The r e la t io n s h ip  between 0 . s a tiv a  and 0 . g laberrim a p ro v id es  
an example o f  a s t i l l  g r e a te r  d i f f e r e n t i a t io n  o f  sp ec ies  i n  Oryza* 
These two form s d i f f e r  s u f f i c i e n t ly  in  s e v e ra l  c r i t e r i a  to  j u s t i f y  
re c o g n itio n  a s  s e p a ra te  sp e c ie s . They d i f f e r  n o t only  in  morpho­
lo g ic a l  c h a r a c t e r i s t i c s  and n a t iv e  h a b i ta t s ,  b u t a l l  hyb rid  com­
b in a tio n s  were com pletely  s t e r i l e  and, u n l ik e  th e  p rev ious ex­
amples c i te d ,  chromosome b eh av io r during m e io s is  in  th e  h y b rid  
was i r r e g u la r .  The a u th o r i n t e r p r e t s  th e se  r e s u l t s  as in d ic a t in g  
th a t  0 . s a tiv a  and 0 . g lab e rrim a  a re  no t c lo s e ly  r e la te d  sp e c ie s  
and th a t  th e  r e la t io n s h ip  i s  more d i s ta n t  th an  th a t  between 0 . 
s a tiv a  and 0 . p e re n n is . 0 . s a t iv a  and 0 . b r e v i l ig u la t a  r e p re s e n t  
an a d d it io n a l  example o f a  somewhat d i s t a n t  r e la t io n s h ip  t h a t  i s  
comparable to  th a t  betw een 0 . s a tiv a  and 0 . g la b e rrim a .
Data from s tu d ie s  o f th e  hyb rid  between 0 . s a tiv a  and 0 . o f f i ­
c in a l i s .  though a d m itte d ly  l im ite d ,  ag ree  w ith  th o se  rep o rted  by 
e a r l i e r  w orkers and in d ic a te  a more d i s ta n t  r e la t io n s h ip  o f  0 . o f­
f i c i n a l i s  to  0 . s a t iv a  th an  \tfas found between 0 . s a t iv a  and any 
o th e r  d ip lo id  sp e c ie s  in c lu d ed  in  th e  p re se n t s tu d ie s .  This more 
d i s t a n t  r e la t io n s h ip  i s  shown p r im a r ily  by i n v i a b i l i t y  o f most 
p la n ts  in  th e  s e e d lin g  s tag e , absence o f p a ir in g  betw een chromo­
somes of 0 . s a t iv a  and 0 . o f f i c i n a l i s  and m ajor d if fe re n c e s  in  
morphology.
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The re c o g n it io n  by th e  a u th o r  o f th e  w ild  p e re n n ia l f lo a t in g  
r ic e  o f South East A sia  as a se p a ra te  sp ec ie s  from 0 . p e ren n is  
re q u ire s  s p e c ia l  c o n s id e ra tio n , a s  in d ic a te d  p rev io u s ly  in  ‘R e s u l ts 1* 
The e x is te n c e  of t h i s  form has only been known sin ce  1951. Rice 
w orkers in  In d ia  have c la s s i f ie d  i t  a s  being  a form of 0 . p e ren n is  
and i t  was d es ig n a te d  a s  0 . p e ren n is  v a r .  balunga by Sarapath and 
Govindaswami (1958). The c l a s s i f i c a t io n  o f t h i s  w ild  A s ia tic  
form as a v a r ie ty  o f 0 . p eren n is  was based  on th e  p resen ce  of a 
long  l ig u le  and i t s  p e re n n ia l  n a tu re .  A c tu a lly  t h i s  form d i f f e r s  
a p p re c ia b ly  from th e  American and A fric a n  forms o f 0 . p e ren n is  in  
appearence and th e re  i s  co n sid e rab le  doubt th a t  i t  should be p laced  
in  th e  same sp ec ie s  w ith  0 . p e ren n is  because o f d if f e r e n c e s  in  
morphology a lo n e .
In  a d d it io n , th e  w r i te r  ob ta in ed  in d i r e c t  ev idence from s tu d ie s  
o f  h y b rid s  between 0 . s a tiv a  and th e  p e re n n ia l A s ia tic  form and 
between 0 . s a t iv a  and 0 . p e ren n is  which a lso  in d ic a te d  th a t  th e  
p e re n n ia l  A s ia tic  form  should be co n sid e red  a s e p a ra te  sp ec ies  
from 0 . p e re n n is . As in d ic a te d  e a r l i e r ,  an ex trem ely  c lo se  cy to ­
g e n e tic  r e la t io n s h ip  was found between 0 . s a t iv a  and th e  p e re n n ia l 
A s ia tic  form. In  a l l  r e sp e c ts ,  t h i s  c y to g en e tic  r e la t io n s h ip  was 
a s  c lo se  a s  t h a t  between c u l t iv a te d  v a r i e t i e s  o f  0 . s a t i v a . On 
th e  o th e r  hand, a lthough  th e  cy to g en e tic  r e la t io n s h ip  between 
0 . s a tiv a  and 0 . p e ren n is  was reaso n ab ly  c lo se , th e  occu rrence  of 
a lm ost com plete s t e r i l i t y  in  a l l  c ro sse s  in v o lv in g  th e se  two 
sp e c ie s  in d ic a te s  a more d i s ta n t  r e la t io n s h ip  between 0 . s a tiv a  
and 0 . p e re n n is . Because o f th e  a p p re c ia b le  d if fe re n c e  in  mor-
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phology between 0 . p e ren n is  and th e  p e re n n ia l  A s ia tic  form and 
th e  i n d i r e c t  cy to g en e tic  evidence d e sc rib e d  above, th e  a u th o r  
f e e l s  t h a t  th e  p e re n n ia l A s ia t ic  form should  b e  tre a te d  a s  a 
s e p a ra te  sp ec ie s  in s te a d  o f  a b o ta n ic a l v a r i e t y  o f 0 . p e r e n n is . 
However, cy to g en e tic  evidence o f a d i r e c t  n a tu r e  should be  ob­
ta in e d  f o r  th e se  two forms b e fo re  an e n t i r e ly  r e l i a b le  con clu sio n  
can be drawn. M a te r ia l to  prov ide t h i s  ev id en ce  i s  now be in g  
grown.
I I .  Genomes in  Oryza
The su b je c t o f  genomes in  Oryza a p p a re n t ly  has been d iscu ssed  
p re v io u s ly  only by M orinaga (1938, 1943, 1956) and M orinaga and 
Kuriyama (1957). These w orkers s tu d ied  chromosome p a ir in g  a t  MI 
in  h y b r id s  o f 0 . s a tiv a  w ith  seven o th e r  d ip lo id  form s, d es ig n a ted  
0 . g la b e rr im a . 0 . b r e v i l i g u l a t a . 0 . p e re n n is . O. cubensis (0 . per­
e n n is  v a r .  cu b en s is  in  th e  w r i t e r 's  c l a s s i f i c a t i o n ) ,  0 . s a t iv a  var. 
f a tu a . 0 . s a tiv a  v a r .  spontanea and 0 . form osana (0 . s a t iv a  v a r . 
form osana in  th e  w r i t e r 1 s c l a s s i f i c a t io n )  and rep o rted  12 b iv a le n ts  
a s  o c c u rr in g  r e g u la r ly .  From th ese  r e s u l t s  th e y  concluded th a t  
a l l  o f  th e se  d ip lo id  form s have the  same genome, which was d esig ­
n a te d  a s  genome A by M orinaga in  1943. Based on absence o f  p a ir ­
ing  i n  F-̂  o f h y b rid s  between 0 , s a tiv a  and two t e t r a p lo id  spec ies, 
0 . m inu ta  and 0 . l a t i f o l i a . Morinaga concluded  th a t  th e s e  two 
t e t r a p lo i d  sp ec ie s  do no t co n ta in  genome A. S ince he found in  
th e  h y b rid  0. m inuta X 0 . l a t i f o l i a  12 b iv a le n t s  and 24 u n iv a le n ts ,
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he concluded th a t  th e se  two te t r a p lo id  sp ec ie s  co n ta in  one genome 
in  common but d i f f e r  in  re sp e c t to  th e  second genome. From th e se  
r e s u l t s  the  genomes o f 0 . m inuta were desig n a ted  B and C and th o se  
o f 0 . l a t i f o l i a  were d esig n a ted  C and D.
The cy to g en e tic  evidence obtained in  th e  p re sen t s tu d ie s  can 
a lso  be used fo r  an a ly z in g  th e  genome c o n s t i tu t io n  among th e  10 
d ip lo id  forms in c lu d ed  in  t h i s  re sea rch . The system follow ed f o r  
d e s ig n a tin g  genome c o n s t i tu t io n  of th e  form s stud ied  in  t h i s  
d i s s e r ta t io n  i s  based on th e  apparen t deg ree  o f cy to g en e tic  r e ­
la t io n s h ip  between th e  forms in  q u es tio n . The cy to g en e tic  evidence 
in c lu d ed  in  d es ig n a tin g  genomes involved chromosome p a ir in g  during  
m eio sis  in  Fq and degree of s t e r i l i t y  o f  Fq. I f  chromosome be­
h av io r during  m eio sis  in  th e  Fq was found to  be "normal" and th e  
hyb rid  showed no h ig h er degree o f s t e r i l i t y  than found in  i n t e r ­
v a r i e t a l  hybrids o f 0 . s a t iv a . the  two p a re n ta l  forms were con­
cluded to  have th e  same genome, which was assigned a l e t t e r  d es ig ­
n a t io n .  (The ex p ress io n  "normal" in  reg a rd  to  chromosome behav io r 
in  Fq in d ic a te s  t h a t  i r r e g u l a r i t i e s  such a s  u n iv a le n ts  a t  d iak in e ­
s i s  and MI were no more freq u en t than  commonly found among i n t e r ­
v a r i e t a l  hybrids o f  0. s a t iv a . )
I f  th e  chromosome behavior during  m eiosis  in  th e  Fq was 
e s s e n t ia l ly  normal bu t th e  hybrid  was com pletely o r  a lm ost com­
p le te ly  s t e r i l e ,  th e  two p a re n ta l  forms involved  in  th e  cross 
were considered  to  co n ta in  th e  same b a s ic  genome b u t w ith  sm all 
d if f e re n c e s  of a g e n e tic  o r chromosome s t r u c tu r a l  n a tu re . In  such 
c a se s , th e  genomes in  the  two forms concerned were desig n a ted  w ith
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th e  same l e t t e r  b u t were a ss ig n ed  d i f f e r e n t  s u b s c r ip t  numbers.
I f  s ig n i f i c a n t  i r r e g u l a r i t i e s  in  th e  chromosome b ehav io r 
w ere found d u rin g  m e io s is  in  th e  and th e  h y b rid  was com plete ly  
o r  alm ost co m p le te ly  s t e r i l e ,  th e  two p a re n ta l  form s were con­
s id e re d  to  have d i f f e r e n t  genome c o n s t i tu t io n s .  In  th e se  c a se s , 
th e  genomes o f  th e  sp e c ie s  in v o lv ed  were a ss ig n e d  d i f f e r e n t  
l e t t e r s  to  in d ic a te  t h e i r  c y to g e n e tic  d i f f e r e n t i a t i o n .
As re p o r te d  in  ’R e s u l t s ' ,  i n  c ro s s e s  o f 0 . s a t iv a  w ith  th e  
w ild  form s 0 . s a t iv a  v a r .  f a tu a . 0 , s a t iv a  v a r . form osana and 
0 . balunga chromosome b e h av io r  i n  m e io s is  was norm al and th e  
h y b rid s  showed a high degree o f  f e r t i l i t y .  From th e se  r e s u l t s ,  
i t  was concluded  th a t  th e s e  fo u r  forms c o n ta in  th e  same genome. 
S ince th e  l e t t e r  A has a l r e a d y  been used by M orinaga f o r  th e  
genome in  0 . s a t iv a .  th e  a u th o r  a d o p ts  i t  a s  th e  genome d e s ig ­
n a tio n  fo r  th e s e  form s.
In  Fj_ o f  h y b rid s  betw een 0 . s a t iv a  and th e  two forms o f 
0 . p e re n n is . v a r .  cu b en sis  and v a r .  b a r t h i i . and between 0 . 
s a t iv a  v a r .  form osana and 0 . p e re n n is  v a r .  cu b e n s is , chromosome 
b eh av io r d u rin g  m eio sis  was normal b u t th e  h y b rid s  were a lm ost 
com plete ly  s t e r i l e .  C onsequently , i t  was concluded th a t  th e  
sp ec ie s  0 . p e re n n is  c o n ta in s  genome A b u t t h a t  i t  i s  d i f f e r e n t i ­
a te d  s u f f i c i e n t ly  from th e  genome o f 0 . s a t iv a  to  w arran t s e p a ra te  
s u b s c r ip t  num bers. The a u th o r  su g g es ts  t h a t  th e  genome o f  0 , 
s a t iv a  and th e  o th e r  c lo s e ly  r e la te d  forms r e f e r r e d  to  in  th e  
p rev io u s  p a rag rap h  be d e s ig n a te d  A-̂  w hile  th e  genome of 0 . p e re n n is  
v a r .  cu b en sis  and 0 . p e re n n is  v a r .  b a r t h i i  be d e s ig n a te d  A£.
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In  F]_ o f  s e v e ra l h y b rid s  between v a r i e t i e s  o f  0 . s a t iv a  and 
0 . g la b e rrim a . chromosome b e h a v io r  in  m eio sis  was d e f in i t e ly  i r ­
re g u la r  and a l l  h y b rid s  were com pletely  s t e r i l e .  These r e s u l t s  
in d ic a te  th a t  0 . s a tiv a  and 0 . g laberrim a c o n ta in  s u f f i c i e n t ly  
d i f f e r e n t  genomes to  j u s t i f y  d i f f e r e n t  l e t t e r  d e s ig n a tio n s . S ince 
th e  l e t t e r s  B,C and D have a lre a d y  been used by Morinaga to  r e ­
p re se n t genomes i n  th e  t e t r a p lo id  sp e c ie s , 0 . m inuta and 0 . l a t i -  
f o l l a .  th e  au th o r  ad o p ts  th e  l e t t e r  E to  d es ig n a te  th e  genome o f 
0 . g la b e rr im a . However, i t  would be more l o g i c a l  i f  th e  genome 
d e s ig n a tio n  in  th e  t e t r a p lo id  sp e c ie s  could be ass ig n ed  a f t e r  
genome a n a ly s is  o f th e  v a rio u s  d ip lo id  forms o f  Oryza has been 
com pleted.
As a ls o  in d ic a te d  in  'R e s u l t s ’ , two o th e r  A frican  d ip lo id  
sp e c ie s , 0 . b r e v i l ig u la ta  and 0 . s t a p f i i . were found to  be very  
c lo se , to  0 . g lab e rrim a  in  t h e i r  cy to g e n e tic  r e la t io n s h ip s ,  a 
r e la t io n s h ip  comparable to  t h a t  found between 0 . s a tiv a  and i t s  
b o ta n ic a l  v a r i e t i e s  and 0 . b a lu n g a . Hence, i t  i s  concluded th a t  
0 . b r e v i l ig u la ta  and 0 . s t a p f i i  a ls o  co n ta in  genome E. Genome E 
ap p ears  to  be more c lo se ly  r e la te d  to  genome A than  a re  th e  genomes 
B, C and D o f th e  t e t r a p lo id  sp ec ie s  0 . m inuta and 0 . l a t i f o l i a .
A very  d i s t a n t  c y to g e n e tic  r e la t io n s h ip  was found between 
0 . s a t iv a  and 0 . o f f i c i n a l i s .  T h is  suggests t h a t  0 . o f f i c i n a l i s  
co n ta in s  s t i l l  an o th e r genome d i s t i n c t  from genomes A and E. Hoxv- 
ev e r, s in ce  i t  seems p ro b ab le  from m orpho log ical s i m i l a r i t i e s  
th a t  0 . o f f i c i n a l i s  c o n ta in s  one of th e  two genomes B and C o f 
m inu ta . th e  a u th o r has n o t adopted a genome d e s ig n a tio n  fo r
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0 . o f f i c i n a l i s . The p ro p er genome d e s ig n a tio n  f o r  0 . o f f i c i n a l i s  
■will have to  a w a it cy to g en e tic  s tu d ie s  i n  h y b rid s  o f t h i s  sp e c ie s  
w ith  th e  t e t r a p lo id  forms 0 . m inuta and 0 . l a t i f o l i a .
For convenience o f th e  re a d e r , in fo rm a tio n  concern ing  genome 
c o n s t i tu t io n  o f th e  10 d ip lo id  forms in v e s t ig a te d  in  th e  p re se n t 
re se a rc h  i s  p re se n te d  in  Table I I I ,
Table I I I ,  Proposed genome c o n s t i tu t io n  o f 10 forms o f Oryza 
_______ S pecies_________________________________ Genome c o n s t i tu t io n
0 . s a tiv a A1A1
0 , s a tiv a  v a r . f a tu a AiAi
0 . s a tiv a  v a r . formosana A1A1
0 . balunga A1A1
0. p e re n n is  v a r .  cuhensis A2A2
0 , p e re n n is  v a r ,  b a r t h i i A2A2
£.• g lab errlm a E E
0. b r e v i l ig u la ta E E
0 . s t a p f i i E E
0 . o f f i c i n a l i s •ft
Not genome A o r  E,
As c i te d  p re v io u s ly , Morinaga (1956) and Morinaga & Kuriyama 
(1957) re p o rte d  t h a t  i n  hyb rid s betw een 0 . s a tiv a  and 0 . g la b c r -  
r^ma and between 0 . s a t iv a  and 0. b r c v i l ig u la ta  m e io s is  was re g u la r
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■with th e  fo rm ation  o f 12 b iv a le n ts  a t  MI and on th e  b a s is  o f 
t h i s  ev idence th e  a u th o rs  concluded th a t  0 . g lab errim a  and 
0 . b r e v i l ig u la ta  c o n ta in  th e  same genome a s  0 . s a t iv a . The 
r e s u l t s  o b ta in ed  by th e  a u th o r in  h y b rid s  o f 0 . s a t iv a  w ith  
th e se  two A frican  sp ec ie s  were c o n tra d ic to ry  to  th o se  re p o rte d  
by Morinaga and Morinaga & Kuriyama. As shown in  Table I  and 
I I ,  and i n  photographs No. 9-23 and No. 28-31, c o n s id e ra b le  
i r r e g u l a r i t y  in  chromosome b eh a v io r  during  m e io s is  in  th e se  
h y b rid s  was found. The au th o r i s  unab le  to  e x p la in  th e  con­
t r a d ic t io n  in  th e se  r e s u l t s .  However, th e  r e p o r t  o f  complete 
s t e r i l i t y  in  a l l  c ro sse s  between 0 . s a tiv a  and 0 . g lab crrim a 
by Morinaga and Kuriyama ag ree s  w ith  th e  f in d in g s  in  th e  p re­
se n t re se a rc h .
I I I .  O rig in  o f th e  C u ltiv a te d  S p ec ies  o f R ice,
0 . s a tiv a  and 0 . g laberriroa
Two p r in c ip a l  p ro p o sa ls  concern ing  th e  o r ig in  o f th e  world 
wide c u l t iv a te d  r ic e  0 . s a t iv a  have been p u t f o r th  and supported  
by  v ario u s  w orkers.
( l )  The f i r s t  o f  th e se  th e o r ie s  to  be p u t f o r th  i s  th a t  0 . 
s a tiv a  o r ig in a te d  from th e  h ig h ly  v a r ia b le  c lo s e ly  r e la te d  annual 
w ild  type d es ig n a te d  0 . s a tiv a  v a r .  f a tu a  o r 0 , s a tiv a  f .  spon tanea . 
I t  i s  assumed in  t h i s  th eo ry  th a t  th e  o r ig in  occu rred  i n  S o u th east 
A sia , p robab ly  In d ia .  The op in io n  th a t  0 . s a t iv a  was derived  
from  c lo s e ly  r e la te d  w ild  forms in  S o u th east A sia i s  g e n e ra lly
13a
c r e d i te d  to  $ a t t  (1891)* Watt and s e v e ra l o th e r e a r l i e r  workers 
expressed  th e  op in io n  th a t  most c u lt iv a te d  v a r i e t i e s  o f 0 . s a tiv a  
were derived  from  one w ild  form but th a t  some v a r i e t i e s  had o r ig i ­
n a ted  from o th e r  sp ec ie s . As mentioned in  th e  ’Review of L i t e r ­
ature* ,  however, i t  has been e s ta b lis h e d  from cy to g en e tic  ev i­
dence, such a s  chromosome number, th a t  th e se  o th e r  w ild  sp ec ies  
could no t have been p ro g e n ito rs  o f 0 . s a t iv a .
Ever s in ce  th e  c l a s s i f i c a t io n  of th e  genus Oryza by Rosche- 
v ic z  (1931)., th e  v a r ia b le  w ild form proposed as  th e  p ro g en ito r 
2* sa tiv a  i n  t h i s  th eo ry  has g e n e ra lly  been considered  to  r e ­
p re s e n t  a b o ta n ic a l  v a r ie ty  o f th e  sp ec ies  0 . s a t iv a . although  
such workers a s  C h ev a lie r  (1932) and C h a tte r je e  (1948) expressed 
th e  op in ion  th a t  t h i s  form should be recognized  as  a sep a ra te  
s p e c ie s .  As brought ou t in  th e  •R e su lts ' and an e a r l i e r  to p ic  
of 'D iscussion*  in  t h i s  d is s e r ta t io n ,  th e  w r i te r  ag re e s  w ith  
the op in ion  t h a t  t h i s  w ild  form should be considered a b o ta n ic a l  
v a r ie ty  of 0 . s a tiv a  and th a t  th e  proper name i s  0 . s a t iv a  v a r . 
f a t u a .
The theory  th a t  0 . s a tiv a  was d eriv ed  from 0 . s a tiv a  v a r. 
f a tu a  has been w idely accep ted  and u n t i l  1951 was e s s e n t ia l ly  
th e  o n ly  hypo thesis  t h a t  was g e n e ra lly  accep ted . Evidence upon 
which t h i s  th eo ry  was based in c lu d e s : ( i )  th e re  i s  a very  close  
m orphological s im i la r i ty  between 0. s a t iv a  and 0 . s a t iv a  v ar. 
f a t u a ; ( i i )  0 . s a t iv a  v a r . f a tu a  occurs commonly and i s  apparen t­
ly  endemic in  th e  reg io n  of g r e a te s t  g e n e tic  d iv e r s i ty ,  South 
E a s t A sia , found in  0 . sa tiv a  and assumed, consequen tly , to  be
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th e  p la c e  o f o r ig in  o f  0 . s a t iv a ; ( i i i )  0 . s a t iv a  v a r , f a tu a  has 
th e  same chromosome number a s  0 .  s a t iv a . h y b r id iz e s  r e a d i ly  w ith  
i t  and th e  h y b rid s  a re  p a r t i a l l y  to  com pletely  f e r t i l e .
W ithout a doubt 0 .  s a tiv a  v a r .  fa tu a  shows the  c lo s e s t  mor­
p h o lo g ica l resem blance to  0 . s a t iv a  o f any w ild  form s. I n  f a c t ,  
t h i s  c lo se  resem blance has le d  m ost taxonom ists to  t r e a t  i t  a s  
a v a r ie ty  o f 0 . s a t iv a . The g r e a t e s t  degree o f  g en e tic  d iv e r s i ty  
-̂n 9 *  s a tiv a  o ccu rs  i n  S outheast A sia and i t  i s  g e n e ra lly  assumed 
t h a t  0 . s a tiv a  o r ig in a te d  th e re .  Since 0 . s a t iv a  v a r, f a tu a  i s  
a s so c ia te d  w ith  th e  growing o f 0 .  sa tiv a  in  t h a t  area and a c tu a l ­
ly  c o n s t i tu te s  a weed i n  c u l t iv a te d  f ie ld ,  i t  i s  assumed th a t  
t h i s  common h a b i ta t  f o r  th e  two form s p rov ides fu r th e r  ev idence 
th a t  0 . s a t iv a  v a r .  f a tu a  i s  th e  p ro g e n ito r  o f  0 . s a t iv a . Cyto­
g en e tic  ev id en ce , in c lu d in g  th a t  found in  th e  p re se n t s tu d ie s ,  
confirm s th e  conclusion  th a t  0 . s a tiv a  v a r . f a tu a  i s  very  c lo se ly  
r e la te d  to  0 . sa tiv a  and could have been th e  p ro g en ito r  o f  t h i s  
c u l t iv a te d  sp e c ie s .
(2) The second th e o ry  proposed more r e c e n t ly  i s  t h a t  0 . 
s a tiv a  was d e riv e d  by human s e le c t io n  in  S o u th e a s t Asia from 
th e  -wild s p e c ie s  0 . p e re n n is  r a th e r  than from  0 . sa tiv a  v a r ,  
f a tu a . T h is  hyp o th esis  was pu t f o r th  by Sampath and Rao (1951). 
The w ild  form re fe r re d  t o  by Sampath and Rao a s  th e  p ro b ab le  
p ro g e n ito r  o f  0 . s a tiv a  i s  a p e re n n ia l f lo a t in g  type A s ia t ic  
form which th e y  c l a s s i f i e d  as 0 . p eren n is  and ivas l a t e r  designated  
0 . p e ren n is  v a r .  balunaa by Sampath and Govindaswami (1 9 5 8 ).
For reaso n s  p re sen ted  e a r l i e r  in  t h i s  d i s s e r ta t io n ,  th e  w r i te r
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concludes t h a t  t h i s  w ild  A s ia t ic  form  re p re s e n ts  a s e p a ra te  
s p e c ie s  from 0 . p e re n n is  f o r  which th e  name 0 . balunga has been 
adop ted .
T h is  new p ro p o sa l t h a t  0 . s a tiv a  was d e r iv e d  from a w ild  
A s ia tic  form co n sid e red  by Sampath and Rao to  be 0 . p e re n n is  
was based on evidence th a t  ( i )  0 . p e re n n is  has  th e  w id e s t d i s ­
t r i b u t io n  o f a l l  w ild  sp e c ie s  o f Oryza A sia , America and
A fric a  and i s  found commonly in  In d ia  and C eylon; ( i i )  0 . p e r -
en n is  has 2n = 24 chromosomes a ls o  c h a r a c t e r i s t i c  o f  0 . s a t i v a . 
has been h y b rid iz e d  w ith  0 .  s a t iv a  and th e  h y b rid s  were f e r t i l e ;
( i i i )  th e  g r a in s  o f  0 . p e re n n is  a re  long  and s le n d e r  and th e  
f a c t  t h a t  th ey  would be a t t r a c t i v e  t o  man i s  shown by evidence 
th a t  i t  i s  be in g  h a rv e s te d  to d ay  in  th e  S ta te  o f O rissa  ( In d ia ) ;
( iv )  because  o f th e  extrem e degree o f g e n e tic  v a r ia t io n  i n  0 . 
s a t iv a  v a r .  f a tu a , Sampath and Rao concluded th a t  "such  a complex 
and a r t i f i c i a l  group a s  spontanea p ad d ie s  a re  n o t l i k e l y  to  be
a s p e c ie s  a n c e s t r a l  to  0 . s a t iv a . 1
I t  ap p ears  from th e  cy to g e n e tic  ev idence o b ta in ed  in  th e  
p re se n t s tu d ie s  th a t  th e  second o f th e s e  th e o r ie s  r e q u ire s  some 
m o d if ic a tio n , a t  l e a s t  in  re sp e c t to  manner in  which th e  th eo ry  
i s  s ta t e d .  As in d ic a te d  p re v io u s ly , th e  w r i te r  found th a t  h y b rid s  
between 0 . s a t iv a  and both  th e  American and A fric a n  forms o f 0 . 
p e ren n is  we re  a lm ost com ple te ly  s t e r i l e ,  a c o n d itio n  c o n tra d ic to ry  
to  th e  c la im  by Sampath and Rao th a t  th e se  h y b r id s  a re  f e r t i l e .
I t  i s  obv ious from th e se  r e s u l t s  t h a t  th e  w ild  p ro g e n ito r  proposed 
in  th e  second th e o ry  shoxild be r e s t r i c t e d  e x c lu s iv e ly  to  th e  p e re n -
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n i s i  f lo a t in g  type form  of Oryza th a t  i s  endemic to  S o u th east 
A sia , a form which th e  w r i te r  p r e f e r s  to  co n sid e r a se p a ra te  
sp e c ie s , 0 . b a lu n g a , r a th e r  th an  a v a r i e ty  o f 0 , p e re n n is .
I t  i s  a p p a ren t t h a t  any p ro p o sa l concern ing  th e  o r ig in  o f 
0 . s a t iv a  should ta k e  in to  acco u n t th e  fo llow ing  f a c t s :  ( i )  There 
i s  no ev idence o f any c y to g e n e tic  d i f f e r e n t i a t i o n  between 0 . s a tiv a  
and e i th e r  o f th e  two w ild  fo rm s, 0 . s a tiv a  v a r .  f a tu a  and 0 . 
b a lu n g a , in d ic a t in g  an ex trem ely  c lo se  r e la t io n s h ip  among th e se  
ty p e s . I f  e i th e r  one o f  th e se  two w ild  forms i s  assumed to  be 
th e  p ro g en ito r  o f  0 . s a t i v a . th e  c lo se  r e la t io n s h ip  between 0 . 
s a t iv a  and th e  o th e r  w ild  form must be accounted  f o r .  ( i i )  Al­
though 0 . balunga and 0 . s a tiv a  v a r .  f a tu a  a re  b o th  d esig n a ted  
a s  w ild  ty p es , on ly  0 .  balunga o f th e s e  two form s i s  unquestion ­
a b ly  a t r u ly  w ild  ty p e  th a t  does n o t shoiv any ev idence o f in ­
flu e n c e  by man. Many, i f  n o t m ost, e x is t in g  forms o f  0 . s a tiv a  
v a r . f a tu a  show so many c h a r a c te r i s t i c s  o f  c u l t iv a te d  r ic e  th a t  
would be o f no advan tage  in  n a tu r e . t h a t  i t  i s  h ig h ly  q u es tio n ­
a b le  w hether t h i s  form, can be co n s id e red  a s  t r u l y  w ild . In  f a c t ,
0 , s a tiv a  v a r .  f a tu a  e x i s t s  p r im a r i ly  through  a s s o c ia t io n  w ith  
th e  c u l t iv a t io n  c f  r i c e ,  ( i i i )  Numerous r e p o r ts  from S o u th east 
A sia in d ic a te  t h a t  0 . s a t iv a  v a r .  f a tu a  i s  a h ig h ly  v a r ia b le  
form , showing g e n e t ic  d iv e r s i ty  in  many t r a i t s .  T his i s  in  con­
t r a s t  to  th e  r e l a t i v e l y  low degree o f g e n e tic  v a r ia t io n  re p o rte d  
fo r  0 . b a lu n g a . I t  i s  d i f f i c u l t  i f  n o t im p o ssib le  to  account f o r  
th e  wide g e n e tic  v a r i a t io n  i n  a s e l f  f e r t i l i z e d  p la n t  l i k e  0 . 
s a tiv a  v a r .  f a tu a  w ith o u t assum ing th a t  man has  had some in f lu e n c e  
on t h i s  form . I t  i s  im probable t h a t  th e  g e n e tic  v a r ia t io n  found
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in  f a tu a  cou ld  have a r i s e n  under n a tu r a l  c o n d itio n s .
Based p r im a r i ly  on c y to g e n e tic  r e la t io n s h ip s  between 0 .  s a tiv a  
and th e  w ild  form s in c lu d ed  in  th e  p re se n t re se a rc h , th e  a u th o r  
f e e l s  th a t  there , a re  two p ro b ab le  p a th s  th rough  which 0 . s a t iv a  
may have ev o lv ed . The f i r s t  o f  th e se  i s  t h a t  0 . s a tiv a  was de­
r iv e d  d i r e c t l y  from 0. ba lunga through  d o m estica tio n  by man and 
t h a t  0 . s a t iv a  v a r .  f a tu a  o r ig in a te d  from n a tu r a l  h y b rid s  betw een 
0 . s a tiv a  and 0 . balunga and betw een 0 . s a t iv a  and 0 . s a t iv a  v a r . 
fa tu a  i t s e l f  a f t e r  the l a t t e r  ty p e  had become e s ta b lis h e d . In  
view o f th e  f a c t s  c i te d  i n  th e  p rev io u s  parag raph , t h i s  th e o ry  
i s  e n t i r e ly  lo g ic a l .  I t  ir i.ll acco u n t fo r  th e  extrem ely  c lo s e  
c y to g e n e tic  r e la t io n s h ip  oetween 0 . s a tiv a  and 0 . balunga a s  
w e ll  a s  th e  h ig h ly  v a r ia b le  c o n d it io n  of th e  forms which a r e  
c l a s s i f i e d  a s  0 . s a t iv a  v a r .  f a tu a  to d ay . The o b se rv a tio n  by 
Sampath and Rao (1951) t h a t  th e  g r a in  o f 0 . balunga i s  s u f f i c i e n t ­
ly  a t t r a c t i v e  to  man th a t  i t  i s  some tim e h a rv ested  in  c e r t a i n  
a r e a s  o f In d ia  makes th e  p ro p o s i t io n  th a t  0 . s a t iv a  was d e r iv e d  
from 0 . balunga even more a c c e p ta b le .
A second p o s s i b i l i t y  i s  th a t  0 . s a tiv a  was d e riv ed  from 
0 . balunga b u t only in d i r e c t ly ,  w ith  such form s a s  0 . s a t iv a  
v a r .  form osana and v a r . f a tu a  se rv in g  a s  in te rm e d ia te  s ta g e s  
in  th e  d o m e s tic a tio n  p ro ced u re . In  o th e r w ords, v a r . form osana 
and v a r . f a tu a  may have been d e r iv e d  from 0 . balunga a s  th e  f i r s t  
s te p s  in  d o m e s tic a tio n  and th e s e  form s r a th e r  than  0 . b a lu n g a  
may have been th e  im m ediate p ro g e n ito r s  o f  0* s a t iv a . T h is  
su g g es tio n  i s  based on th e  f a c t  t h a t  0 . s a t iv a  v a r . form osana
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and c e r ta in  ty p e s  of 0 . s a tiv a  v a r . fa tu a  a ra  s im ila r  in  morpho­
logy  to  0 . s a t iv a  b u t a r e  in te rm ed ia te  between 0 . s a tiv a  and 0* 
balunga in  many r e s p e c ts ,  in c lu d in g  growth h a b i t .
A ll of th e  c r i t i c a l  evidence b ea rin g  on t h i s  su b jec t in ­
d ic a te s  th a t  c u l t iv a te d  r i c e  belonging to  0 , s a t iv a  was d e r iv e d  
d i r e c t ly  o r i n d i r e c t ly  from  th e  d i s t i n c t l y  w ild  c lo se ly  r e la te d  
sp e c ie s  0 . b a lu n g a . I t  i s  probable th a t  th e  e a r l i e s t  ty p e s  o f  
dom esticated  r i c e  d eriv ed  from 0 . balunga resem bled v ar. formo­
sana. which s t i l l  p o sse sse s  the  p e re n n ia l h a b i t  and the a b i l i t y  
to  f l o a t  in  deep w ater b u t i s  le s s  procumbent and produces more 
g ra in  th an  0 . ba lunga. I t  i s  a lso  p ro b ab le  th a t  some o f th e  ea rly  
ty p es  o f c u l t iv a te d  r i c e  would now be c l a s s i f i e d  a s  0 . s a t iv a  var. 
fa tu a  i f  th ey  a re  s t i l l  i n  ex is ten c e . The only  d i s t in c t io n  be­
tween v a r . form osana and v a r .  fa tu a  i s  th e  p e re n n ia l h a b it  o f  
th e  form er c o n tr a s t  to  th e  annual h a b i t  o f th e  l a t t e r  form.
In  making th e  above suggestions, i t  i s  assumed by th e  
w r i te r  th a t  in  th e  d o m estica tio n  of r ic e  th e  p la n t  g rad u a lly  
l o s t  i t s  p e re n n ia l h a b i t  and became an  annual th rough  th e  se­
le c t io n  p re s su re  p laced  by man on seed fo rm atio n , th a t  e re c t  
ty p es  c h a r a c te r i s t i c  o f  c u rre n t v a r i e t i e s  o f C. s a tiv a  were ob­
ta in e d  s te p  by s te p  from th e  p ro s tra te  0 . balunga through se­
le c t io n  o f form s b e t te r  s u ite d  to  c u l t iv a t io n  and th a t  a t  th e  
same tim e th e  s h a t te r in g  c h a r a c te r is t ic  o f 0 . balunga was g rad u ­
a l ly  rep laced  by forms w ith  le s s  tendency to  s h a t te r .
I t  i s  co n sid e red  p ro b ab le , however, by th e  w r i te r  th a t  most 
forms o f 0 . s a t iv a  v a r . f a tu a  in  e x is te n c e  today  arose from
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n a tu ra l  h y b r id iz a tio n  between c u lt iv a te d  r ic e  and 0* balunga 
an d /o r between c u l t iv a te d  r i c e  and s t i l l  e x is t in g  p r im itiv e  
forms o f  f a tu a . The evidence th a t  many and perhaps m ost forms 
of f a tu a  now in  e x is te n c e  a ro se  by h y b r id iz a tio n  in v o lv in g  modern 
types o f  c u l t iv a te d  r ic e  i s  h ig h ly  co n v in c in g . For example, th e  
s t r a in  o f  fa tu a  included  in  th e  p resen t s tu d ie s  does no t show 
p r im itiv e  c h a r a c te r is t i c s  t h a t  would be expected in  a  w ild  pro­
g e n ito r  o f  c u l t iv a te d  r i c e .  I f  i t  i s  assumed th a t  th e  only 
dom estica tio n  p ro cesses  were th o se  in v o lv in g  the change from 
0 . s a t iv a  v a r . f a tu a  to  0 . s a t i v a . i t  i s  a lso  n ecessa ry  to  assume 
th a t  form s c h a r a c te r is t ic  o f  0 . s a tiv a  v a r .  fa tu a  a ro se  from 0 . 
balunga in  n a tu re . This does no t appear to  be p ro b ab le .
Thus, i t  appears most p robab le  to  th e  w rite r  t h a t  the  e a r ly  
d om estica ted  form s o f r ic e  were types s im ila r  to  0 . s a t iv a  v a r . 
form osana. th a t  th e se  p r im itiv e  d o m estica ted  forms were derived  
from 0 .  balunga and th a t  they  served a s  th e  immediate p ro g e n ito rs  
of our c u l t iv a te d  r ic e .  T h is co n c lu s io n , however, does not ex­
clude th e  p o s s ib i l i ty  th a t  c e r ta in  of th e  ea rly  dom estica ted  
types were annual and would be c l a s s i f i e d  as  0 . s a t iv a  v a r . f a t u a . 
These co n c lu s io n s  and o th e r l i n e s  of ev idence le a c e  l i t t l e  doubt 
th a t  th e  c u l t iv a te d  sp ec ies  0 . s a tiv a  o r ig in a te d  in  S ou theast A s ia .
C heva lie r and Roehrich (1914) and C hevalier (1932) concluded 
th a t  th e  c u l t iv a te d  form 0 . g lab errim a  found only in  t ro p ic a l  b e s t  
A frica  was p rcb ab ly  derived  from th e  r e la te d  w ild A frican  sp e c ie s  
0 . b r e v i l i g u l a t a . S everal o th e r  in v e s t ig a to r s ,  n o ta b ly  Roschevicz 
(1931) and P o r te re s  (1956), have accep ted  th i s  p ro p o sa l. However,
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Ramiah and Ghose (1951) q u estio n ed  w hether 0 . g laberrim a should 
be co n s id e red  a s  a s e p a ra te  sp ec ies  from 0 . s a tiv a .  Sampath and 
Rao (1951) suggested  th a t  b o th  0 . s a t iv a  and 0 . g laberrim a were 
p robab ly  d e r iv e d  from 0 . p e re n n is .
C y togenetic  evidence o b ta in ed  in  th e  p re s e n t  s tu d ie s  ag ree  
s tro n g ly  w ith  th e  conclusion  t h a t  0 . g lab errim a  was d eriv ed  from 
0 . b r e v i l ig u la ta  and should be con sid e red  a s e p a ra te  sp ec ie s  from 
0 . s a t iv a . As in d ic a te d  e a r l i e r ,  a somewhat d i s t a n t  c y to g e n e tic  
r e la t io n s h ip  between 0 . s a tiv a  and 0 . g lab e rrim a  i s  shown by i r ­
r e g u la r  chromosome b eh av io r du ring  m e io s is  in  th e  and com plete 
s t e r i l i t y  o f th e  h y b rid . On th e  o th e r  hand, an extrem ely  c lo se  
r e la t io n s h ip ,  comparable to  th a t  found between 0 . s a tiv a  and 0 . 
b a lu n g a , was found between 0 . g lab errim a  and 0 . b r e v i l i g u l a t a . 
F urtherm ore, th e  w r i te r  has in d i r e c t  ev idence th a t  th e  r e l a t io n ­
sh ip  between 0 . g laberrim a and 0 . p e re n n is  i s  r e l a t iv e ly  d i s t a n t .  
T h is  i s  based on th e  c lo se  r e la t io n s h ip  found between 0 . s a tiv a  
and 0 . p e ren n is  p lu s th e  d i s t a n t  r e la t io n s h ip  between 0. s a t iv a  
and 0 .  g lab e rrim a . I t  i s  on th e se  grounds th a t  th e  w r i te r  ag rees  
w ith  th e  conclusion  by C hevalier (1932) th a t  0 . g lab e rrim a  was 
d e r iv e d  from 0 , b r e v i l ig u la ta .  hence has a d i f f e r e n t  o r ig in  from 
t h a t  o f 0 . s a t i v a .
As to  th e  p lace  o f o r ig in ,  th e re  i s  no doubt th a t  0 . g la b e r ­
rim a i s  ind igenous to  t ro p ic a l  West- A fr ic a .
SUMMARY
The cy to g en e tic  r e la t io n s h ip s  betw een th e  common c u l t iv a te d  
r i c e ,  0 . s a t iv a .  and n in e  o th e r  d ip lo id  form s o f Oryza were s tu d ie d . 
The n ine forms in c lu d ed  were 0 . s a t iv a  v a r .  f a tu a . 0 . s a t iv a  v a r . 
form osana. 0 . balunga (0 . p e ren n is  v a r .  b a lu n g a ) .  0 . p e ren n is  v a r. 
cu b en sis . 0 . p e re n n is  v a r . b a r t h i i . 0 . g la b e rr im a . 0 . b r e v i l ig u la ta  . 
0 . s t a p f i i  and 0 . o f f i c i n a l i s . C rosses were made betoveen 0 . s a tiv a  
and a l l  o f th e se  form s a s  w e ll a s  between some forms among th e  
n in e . A t o t a l  o f 41 h y b rid s  re p re s e n tin g  d i f f e r e n t  sp ec ie s  com­
b in a t io n s  were in c lu d ed  in  th e  re se a rc h .
S tu d ies  were made on th e  m orpholog ical c h a r a c te r i s t i c s  o f 
th e  p a re n ta l, forms and t h e i r  Fq g e n e ra tio n  h y b rid s , on th e  c ro s s ­
a b i l i t y  o f th e  s p e c ie s , on the  chromosome b eh av io r during  m eio sis  
i n  Fq p la n ts  and on th e  r e l a t iv e  f e r t i l i t y  o f th e  Fq hybrids 
(based  on both  th e  p o lle n  s t a i n a b i l i t y  and p e rc e n t seed s e t ) .
C ytogenetic s tu d ie s  of th e  h y b rid s  o f 0 . s a t iv a  w ith  0. s a tiv a  
v a r .  f a tu a . 0 . s a t iv a  v a r . form osana and 0 . balunga in d ic a te d  th a t 
th e se  th re e  w ild  A s ia tic  forms a re  very  c lo s e ly  r e la te d  to  0 . s a t iv a. 
Chromosome b e h a r io r  during m e io s is  in  th e  Fqs was norm al, i . e . ,  
th e  frequency o f o c c a s io n a l i r r e g u l a r i t i e s  was no h ig h er th an  
what was found in  i n t e r v a r i e t a l  h y b rid s  w ith in  0 . s a t iv a . The Fq 
p la n ts  were p a r t i a l l y  to  com pletely  f e r t i l e .  I t  was concluded by 
th e  au th o r th a t  0 . s a tiv a  v a r .  fa tu a  and 0 . s a t iv a  v a r . form osana 
a re  b o ta n ic a l  v a r i e t i e s  o f 0 . s a t iv a  b u t O. balunga should be r e ­
cognized a s  a s e p a ra te , though very  c lo se ly  r e l a t e d ,  sp ec ies
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because o f th e  d i s t i n c t  d i f f e r e n c e s  in  morphology and growth 
h a b i t .
Chromosome b eh av io r du ring  m eio sis  in  th e  F-̂  h y b rid s  be­
tween 0 . s a t iv a  and th e  two form s of 0 . p e re n n is  was found to  
be e s s e n t ia l ly  normal b u t th e  h yb rid s were com pletely  o r  alm ost 
com pletely s t e r i l e .  S im ila r  r e s u l t s  were o b ta in ed  from a c ro ss  
between 0 . s a t iv a  v a r . form osana and 0 . p e re n n is  (Cuban form ).
The a u th o r  concluded th a t  0 . p e ren n is  i s  a d i s t i n c t  sp e c ie s  from 
0 . s a t iv a  bu t th e re  i s  a r e l a t iv e ly  c lo se  r e la t io n s h ip  betv;een 
th e  two.
The s im ila r  r e s u l t s  o b ta in ed  from c ro sse s  o f 0 . s a tiv a  w ith  
both  th e  American and th e  A frican  form s, cuber.sis and b a r t h i i .  o f 
0 . p e re n n is  p lu s  th e  normal chromosome b eh av io r and com plete f e r ­
t i l i t y  found in  h y b rid s  betw een cu b en sis  and b a r t h i i  confirm  th e  
c l a s s i f i c a t io n  suggested  by C heva lie r (1932) p lac in g  th e s e  two 
forms in  th e  same sp e c ie s , 0 . p e re n n is . The au th o r ad o p ts  0 . 
p e re n n is  v a r . cu b en s is  and 0 . p e ren n is  v a r . b a r t h i i  a s  d e s ig ­
n a tio n s  fo r  th e  American and A fric a n  form s, r e s p e c t iv e ly .
Seven c ro sse s  in v o lv in g  f iv e  v a r i e t i e s  o f 0 . s a t iv a  and 
th re e  v a r i e t i e s  o f 0. g lab errim a  were made and s tu d ie d . High 
fre q u e n c ie s  o f i r r e g u l a r i t i e s  in  chromosome b ehav io r du rin g  
m e io s is  were observed in  a l l  c ro sse s  and a l l  F^ p la n ts  were 
com plete ly  s t e r i l e .  I t  was concluded th a t  0 . g lab e rrim a  i s  no 
doubt a d i s t i n c t  sp ec ie s  from 0 . s a tiv a  and th e  c y to g e n e tic  r e ­
l a t io n s h ip  between th e s e  two sp ec ie s  i s  m o re 'd is ta n t th an  th a t  
betw een 0 . s a tiv a  and 0 . balunga o r  0 . p e re n n is .
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S im ila r  r e s u l t s  were ob ta ined  from cy to g en e tic  s tu d ie s  o f 
th e  c ro sse s  0 . g lab e rrim a  X 0 . b a lunga . 0 .  b r e v i l ig u la ta  X 0. 
s a tiv a  and 0 . s a tiv a  X 0 . s t a p f i i . These in d i r e c t  r e s u l t s  con­
firm  th e  extrem ely  c lo se  k in sh ip  between 0 , s a tiv a  and 0 . balunga 
and th e  very c lo se  r e la t io n s h ip s  between 0 . g lab errim a  and th e  
o th e r  two A frican  form s, 0 . b r e v i l ig u la ta  and 0. s t a p f i i . which 
was p o in ted  ou t by C h e v a lie r  (1932) and was a lso  proved by d i r e c t  
cy to g en e tic  evidence found in  h y b rid s  betw een 0 . g lab e rrim a  and 
0 . b r e v i l ig u la ta  and betw een 0 . g lab e rrim a  and 0. s t a p f i i  in  th e  
p re se n t re se a rc h .
In  s p ite  o f  th e  v e ry  c lo se  c y to g e n e tic  r e la t io n s h ip  between 
0 . g laberrim a and 0 . b r e v i l i g u l a t a . however, th e  au th o r ag re e s  
w ith  e a r l i e r  c l a s s i f i c a t io n s  t h a t  0 . b r e v i l ig u la ta  should be 
recognized  a s  a s e p a ra te  sp ec ies  from 0 . glaberrim a. on th e  ground 
o f d i s t in c t  m orpho log ical d if fe re n c e s .
A s t i l l  more d i s t a n t  r e la t io n s h ip  was found between 0 . s a tiv a  
and 0 . o f f i c i n a l i s  from th e  s tu d ie s .  The c ro ss  was r a th e r  d i f ­
f i c u l t  to  make and th e  v i a b i l i t y  o f th e  F-j_ p la n ts  was low. Al­
though the  only  p la n t  a v a i la b le  fo r  th e  study happened to  be 
a t r i p l o i d ,  th e  d is tu rb e d  chromosome b eh av io r and com plete s te ­
r i l i t y  agree w ith  e a r l i e r  f in d in g s  in  t h i s  type of h y b rid . There 
i s  no doubt th a t  0 . o f f i c i n a l i s  i s  a d i s t i n c t  sp ec ie s  and the  
c y to g e n e tic  r e la t io n s h ip  between t h i s  sp e c ie s  and 0 . s a t iv a  i s  
q u ite  d i s ta n t .
Based on c y to g e n e tic  evidence o b ta in ed  in  th e  p re se n t r e ­
sea rch , an a n a ly s is  o f  th e  genomes in  Oryza was a ttem p ted  and
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d e s ig n a tio n s  fo r  genomes in  the  10 forms in c luded  in  t h i s  
d i s s e r ta t i o n  were g iv e n . 0 . s a t iv a . 0 . s a t iv a  v a r. f a tu a .  0, 
s a t iv a  v a r .  formosana and 0 . balunga were considered  to  co n ta in  
th e  same genome^ A]_. 0 . p eren n is  v a r .  cu bensis  and 0 . p eren n is
v a r . b a r t h i i  were co n sid e red  to  p o ssess  b a s ic a l ly  th e  same genome 
as  in  0 . s a t iv a  b u t somewhat d i f f e r e n t i a t e d .  I t  i s  d es ig n a ted  
a s  A£. The genome c o n ta in ed  in  0 , g la b e rr im a . 0 . b r e v i l ig u la ta  
and 0 . s t a p f i i  i s  i d e n t i c a l  but d i f f e r e n t  from o r A2 and was 
d e s ig n a te d  as  E. The genome c o n s t i tu t io n  o f  0 . o f f i c i n a l i s  i s  
concluded to  be d i s t i n c t  from A o r  E, b u t th e  proper d e s ig n a tio n  
has to  a ivait f u r th e r  c y to g e n e tic  s tu d ie s  i n  hybrids o f  t h i s  
sp e c ie s  w ith  o th e r  forms in  Oryza.
Two p robab le  p a th s  through which 0. s a t iv a  evolved in  South 
E ast A sia a re  p roposed. (1) 0 . s a t iv a  was derived  d i r e c t ly  from 
0 . b a lu n g a . (2 ) 0 . s a t iv a  was d e riv ed  in d i r e c t ly  from 0 . balunga 
w ith  0 . s a t iv a  v a r . formosana o r/a n d  0. s a t iv a  v a r . fa tu a  a s  th e  
immediate p ro g e n ito rs . E a r l ie r  th e o r ie s  on th e  o r ig in  o f 0 . s a tiv a  
were d isc u sse d .
C y togenetic  evidence o b ta in ed  from th e  s tu d ie s  a g ree s  w ith  
C h e v a lie r 's  (1932) op in io n  th a t  0 . g lab e rrim a  was probably  d e riv ed  
from 0 . b r e v i l ig u la ta  and i s  ind igenous to  t r o p ic a l  West A fr ic a .
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